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FOREWORD 


This is a report of the biological evaluation of alternative beltwide 
Management programs for the boll weevil and other cotton insects. Supporting 
documents may be noted under separate binding as ATTACHMENTS. The evaluation 
involved many people and representatives of many cooperating agencies. For 
fear of slighting someone who may have contributed but had not come to the 
attention of the preparers of this report, only members at the Biological 
Evaluation Team, Boll Weevil Eradication and Optimum Pest Management Research 
Teams, and special consultants are listed. The preparers express apprecia- 
tion to everyone who contributed to the development of the biological data or 


provided material for inclusion in the report. 


William H. Cross, Leader 


Biological Evaluation Team 
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SUMMARY 

Cotton is a major crop grown throughout the southern United States. 
Annual production is 10 to 14 million bales; value of the crop for the 
1979-80 crop year was $5.1 billion. Insects are responsible for causing 
losses to cotton estimated in recent years at 7 to 19% of the crop. The boll 
weevil, a major insect pest of cotton that entered the United States from 
Mexico in 1892, is directly responsible for yield losses on about 7 million 
acres in the United States. It is also indirectly responsible for some of 
the losses now caused by the bollworm and the tobacco budworm. These indirect 
losses are associated with the destruction of natural enemies of bollworms 
and budworms by insecticides applied to control the boll weevil and with the 
increased cost of controlling strains of insects and mites that have developed 
resistance to insecticides. 

Work at State, Federal, and private research laboratories during the 
1960's and 1970's led to the development of a wide range of control components 
for suppressing populations of boll weevils and other insects that attack 
cotton. Meanwhile, systems for managing insect pests through the integration 
of control components were being developed. The culmination of many of these 
efforts was two cotton insect management trials, Optimum Pest Management 
(OPM) and Boll Weevil Eradication (BWE), that were initiated in 1978 and 
completed in 1980. The OPM Trial was conducted in Panola County, Mississippl; 
and the BWE Trial was conducted in North Carolina and Virginia. Results from 
these Trials, together with all other available information, should provide 
the basis for the design and evaluation of the most desirable cotton insect 


management program or programs for use in areas of the Cotton Belt that are 


infested with the boll weevil. 
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The OPM Trial was implemented by the Mississippi Cooperative Extension 
Service in Panola County, Mississippi, with grower, State, and Federal 
support. 

The objective of this voluntary OPM Trial with incentives was to test the 
technical and operational feasibility of an area-wide cotton insect management 
program. The 3-year Trial was conducted on 32,000 to 40,000 acres of cotton. 
Incentives to encourage grower participation included government payments for 
applications of insecticides in late season to reduce populations of over- 
wintering boll weevils. Growers that participated were required to see that 
their cotton was inspected, i.e., scouted weekly, and that a report was filed 
with Extension personnel. Additional educational services and technical 
assistance were provided by Extension pest management specialists who were 
employed to support the Trial and who resided within the Trial Area. 

The procedures or program components used in each of the 3 years in the 
Trial included annual use of pheromone traps for monitoring populations of 
boll weevils; pheromone and light traps for monitoring populations of boll- 
worms and budworms; application of insecticides in early season at the time 
pinhead size squares were present, if needed; scouting; inseason insecticide 
control of cotton insects by producers; four applications of insecticide in 
the fall to reduce numbers of overwintering boll weevils at no expense to 
growers; and voluntary destruction of stalks when harvest was completed 
before frost. 

Grower participation in the Trial was at the rate of 98.7, 99.6, and 
99.7% for 1978, 1979, and 1980, respectively. About 75% of the acreage 
was scouted by private consultants, 15% was scouted by producers, and 10% was 
scouted by a service provided by the Panola County Extension Pest Management 


Society. 
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The four late season applications of insecticide treatments used in 1978 
and 1979 reduced numbers of boll weevils taken in traps during 1979 and 1980 
by 78 and 942, respectively, compared with trap catches in a Current Insect 
Control (CIC) area in Pontotoc County. These applications of insecticides 
seemed to have little, if any, adverse effect the following year on the 
populations of natural enemies of bollworms and budworms. In addition, there 
was no need for inseason applications of insecticide treatments for control 
of the boll weevil, and the number needed to control bollworms and budworms 
decreased significantly. 

Finally, a review of yield records available for Panola County for a 
number of years indicated that OPM may have increased yields during the 3 
years and a simulations model indicated that increases of 18 to 22 lb 
of lint per acre might be expected if OPM were implemented for the entire 
state. 

Thus, the suppression of diapausing boll weevil populations with four 
insecticide treatments in the fall eliminated the need for inseason control 
of the boll weevils and reduced the number of treatments for control of 
bollworm and budworms. The OPM Trial, therefore, was considered a biological 
and technical success. 

The BWE Trial was conducted by the Animal and Plant Health Inspection 
Service, USDA, with grower, State, and Federal support. It was a mandatory 
program authorized by a producer referendum. The objective was to determine 
whether eradication of an established population of boll weevil was tech- 
nically and operationally feasible. The 3-year Trial was conducted on 
16,000 to 34,000 acres of cotton in eastern North Carolina and Virginia. The 
Boll weevil was reported in this area in 1922, and it has infested cotton 


there since that time. The Trial Area was divided into two main areas, the 


Evaluation Area and the Buffer Area. In addition, records were maintained 
separately for Chowan County which was in the Evaluation Area but isolated 
from all other cotton in the Evaluation Area by about 30 miles and from other 
infested cotton by about 120 miles. Extensive monitoring by pheromone traps 
and field inspections was conducted throughout the Trial Area. Similar 
monitoring was also done in an area outside of, but adjacent to, the BWE 
Trial Area. 

During year 1 of the 3-year Trial, insecticides were applied in season 
to protect the crop and late season to reduce populations of overwintering 
weevils. In year 2, several suppression components, including limited use 
of diflubenzuron (Dimilin®), release of sterile weevils (139 per acre, i.e., 
a total of 11.2 million), and use of infield pheromone traps, were used. 
During year 3, the goal was the detection of any remaining weevils and 
the complete elimination of any that had survived (i.e:, "native") or had 
been reintroduced from outside the Evaluation Area. 

At the start of the BWE Trial, the population of weevils was relatively 
low because of the intensive use of insecticides for control of bollworms and 
budworms and two successive unusually cold winters in the years preceding the 
initiation of the Trial. On the basis of an estimated trap efficiency and 
assumed mortality due to fall applications of insecticides, 4 weevils/100 
acres or a total of about 490 weevils were calculated to remain on 12,485 
acres of cotton near the end of year 1. During the second year, after the 
fall applications of the first year, an estimated 15-25 overwintered weevils 
emerged in the Evaluation Area. This estimate was supported when intensive 
trapping resulted in the capture of only 7 overwintered "native" boll weevils. 


Two boll weevils were also trapped in fall traps in year 2; but since no boll 
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weevils were captured in traps (2 per acre) placed in cotton fields, repro- 
duction of weevils within the Evaluation Area apparently did not occur. 

During year 3 of the BWE Trial, a single headless boll weevil was found 
during the first trap inspection in May; this was believed to be carried over 
the winter in a stored trap. Also, 4 weevils were captured between August 18 
and October 28 in migration traps just inside the Evaluation Area but 
distant from cotton fields. These weevils were considered to be migrants 
from outside the Evaluation Area on the basis of observed patterns of 
dispersal of boll weevils from infested cotton. Then, beginning September 
11, one pupa and nine adult boll weevils were detected in a clump within a 
single field near the northern limits of the Evaluation Area. These weevils 
were believed to be the offspring of one reintroduced female. This infes- 
tation was eliminated by intensive trapping and cultural practices, and traps 
were placed there at a very high density and operated until November 15, a 
period of 7 weeks. No additional weevils were captured. 

No boll weevils have been detected in the isolated county (Chowan 
County) within the Evaluation Area since June 1978, and no infestations of 
weevils were detected in the Evaluation Area between October 1978 and Septem- 
ber 1980. In view of the expected rate of increase of a boll weevil popula- 
tion and the sensitivity of pheromone traps, statistical analysis indicated a 
probability of at least 0.9983 that the occurrence of a reproductive popula- 
tion would have been detected during this period. Review and analysis 
of relative data indicate that the boll weevils found in the Evaluation 
Area after June 1979 were "reintroduced" weevils. Therefore, "native" boll 
weevils were eradicated from the Evaluation Area. 

Overall, in the North Carolina BWE Trial, the average number of insecti- 


cide applications decreased in the Evaluation Area and in the associated 
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Current Insect Control (CIC) area in North Carolina outside the Trial Area by 
88% and 25%, respectively, during the Trial period compared to the 1974-1977 
pre-trial averages. Populations of natural enemies of the bollworm and 
budworm (weekly average per acre) during July through August in the Evalua- 
tion Area were 6,289 and 17,070; and populations in the adjoining CIC 

area were 4,353 and 9,989 in 1978 and 1980, respectively. 

Yield changes due to the BWE Trial were particularly difficult to 
estimate because of highly variable weather during the 3 years. However, 
there is no reason to believe that yield increases associated with the BWE 
Trial in North Carolina were any less than the 18-22 pound increases estimated 
for the OPM Trial in Mississippi. 

Thus, following concurrent conservative use of insecticides and appar- 
ently increasing populations of natural enemies of bollworms and budworms , 
the eradication of a well-established boll weevil population was demonstrated 
to be a biological as well as a technical success. 

The OPM and BWE Trials have been judged to be technical and biological 
successes, i.e., in the OPM Trial no inseason applications of insecticide 
were required for boll weevil control, and in the BWE Trial "native" boll 
weevils were eradicated from the Evaluation Area with a probability level 
of 0.9983. Moreover, certain of the procedures used in these Trials should 
be generally acceptable beltwide, at least in principle, for instance, (1) 

99 to 100% participation by producers, i.e., total population management, C2) 
more intensive monitoring with traps and by field inspection, (3) elimination 
of the use of broad-spectrum insecticides for inseason control of boll 
weevil, (4) conservation of populations of natural enemies, and (5) reduction 
in amounts of insecticide used for control of bollworms and budworms. But 


there are some uncertainties associated with beltwide extrapolations, particu- 


larly in regard to the adequacy of proposed barrier zone(s) set up to prevent 
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reentry of boll weevils. Also, the various survey and suppression technol- 
ogies would likely require some modifications in different areas of the 

Cotton Belt because of the existence of different environments and different 
cultural practices. However, the availability of a highly sensitive detection 
and monitoring system using pheromone traps, even at the lowest population 
level at which reproduction occurs, provides a means of employing available 
Boll Weevil suppression methods promptly and in a highly efficient manner. 
Thus, there is no reason to believe that the various technologies used in the 
Trials would be any less effective in other weevil infested areas of the 
Cotton Belt, with the possible exception of south Texas, than they were in 


the Trial areas, if these technologies are properly applied. 
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INTRODUCTION 
The Problem 


The United States ranks as one of the world's largest nations in terms 
of cotton production, export, and consumption. Nearly one-fourth, 14.9 
million bales, of the world's cotton was produced in the United States in 
1979. Value of the crop for the 1979-80 crop year was $5.1 billion. 

Cotton is grown in 42 production sub-regions (Figure 1) as divided 
for the purposes of this evaluation. The boll weevil infests cotton acreage 
in 32 of these sub-regions (Figure pe The boll weevil (Anthonomus 
grandis Boheman) has caused extensive losses to cotton producers since its 
entry into the United States from Mexico about 1892 and its subsequent spread 
across the cotton belt. Estimates of annual losses to the cotton crop from 
the boll weevil in 13 boll weevil-infested states for the period 1909-1954, 
developed by the Bureau of Agricultural Economics, ranged from 1.3 to 31.22, 
averaging 10.0% (Table 1) (Reference Attachment B. 13). Losses attributed to 
other insects averaged 3.1%. Losses to the cotton crop estimated by the U.S. 
Department of Agriculture for the period 1942-1951 averaged 10.1% to the boll 
weevil and ranged from 1.6 to 8.9% to other cotton insects for the states 
where the boll weevil occurs. In states where the boll weevil does not 


occur, estimated insect losses ranged from 2.9 to 10.14. For the period 


a A special case exists in Arizona in sub-region 40. When cotton is 
"stubbed" or regrown from the previous season's roots, between-season survival 
is permitted for boll weevils which migrate northward from Mexico late each 


year. These weevils then build up the second season to damaging levels. 
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Table 1. Average annual cotton yield losses to the boll weevil, 13 States, 


1909-1954. 

| nas Priam GeO 
Year Percent Year Percent 
1909 Se | 1933 OAL 
1910 Dak 1934 Ta 
Moun Li 1935 Bet 
ile 2 Gre es) 1936 4.9 
1915 tad 1937 Dad 
1914 6.1 1938 9:9 
iI is NY Nol 1939 Sad 
1916 14.2 1940 625 
ie a 8.6 1941 15.4 
1918 5.4 1942 8.0 
Pg 1370 1943 Gas 
1920 19.7 1944 Be, 
1921 ety 1945 1OnZ 
1922 23 33 1946 130 
1923 192 1947 L316 
1924 =a 1948 5.0 
1925 4.1 1949 L7 
1926 ae 1950 22a6 
1977 19.4 1951 6.7 
1928 14.1 T1752 5.0 
1929 | We as 1953 loo 
1930 DU 1954 353 
151 $33 - 
1932 Ie Pas Average 10.0 


1951-1960, average annual losses were estimated by the U.S. Department of 
Agriculture to be 19% with 8% attributed to the boll weevil. The National 
Cotton Council estimated an average yield loss of 7.4% to the boll weevil for 
the period 1970-1972. The Cotton Foundation estimated insect losses to the 
cotton crop for the period 1974-1976 to average 6.6% annually. Insect loss 
data were developed for the 1979 cotton crop under auspices of the Annual 
Conference on Cotton Insect Research and Control. Even with the sophisti- 
cated control measures currently used, the loss for the Cotton Belt was 
estimated to be 8.8% with 1.4% attributed to the boll weevil. 

Dependable methods of control were not available until insecticidal 
chemicals came into use. Large quantities of insecticides are applied 
annually by growers for control of the boll weevil. The National Cotton 
Council estimated insecticide and application costs and yield losses at $260 
million annually in 1970-1972 for boll weevil control (Table 2 and Attachment 
B. 14). Table 3 reports the average number of insecticide applications 
per treated acre by cotton production regions (Figure 3) for 1969-1977. 

For most regions the number of applications has been increasing. Table 4 
presents the estimated insecticide material cost per harvested acre utili- 
zing the same format as Table 3. The upward trend in number of treatments 

is generally reflected by a similar trend in insecticide costs. Table 5 
lists pounds of selected materials for the period 1964-1977. Information 
summaries in Tables 3-5 trace the historical use of cotton insecticides (also 
Attachment B. 10) and may be indicative of the severity of infestations over 
time. 

Insecticides applied for inseason (flowering period) boll weevil 
control cause an ecological disruption in the cotton ecosystems and have 


intensified certain secondary cotton pest problems, particularly the 


bollworm, Heliothis zea (Boddie)/tobacco budworm, Heliothis virescens (Fabri- 
cius), complex. In addition, strains of the boll weevil resistant to 

the organochlorine insecticides have developed leaving the organophosphorous 
insecticides as the major class of insecticides available for control of 

the boll weevil. Resistance in the bollworm/budworm complex to both the 
organochlorine and organophosphorous insecticides has been reported from many 
areas of the Cotton Belt. (Pest Control: An Assessment of Present and 
Alternative Technologies; Volume III, Cotton Pest Control 1975. National 
Academy of Sciences, Washington, D.C.) 

It should be noted that severe weather in the winters of 1976-1977 
through 1978-1979 minimized the boll weevil problem. Population resurgence 
began in many areas in 1979 and increased in 1980, though population buildup 
was hampered by drought throughout most of the boll weevil infested states. 
Based on previous experience, the problem will intensify as weather patterns 
cycle and become favorable for population development (Table 1). 

The yield losses accruing to the boll weevil, cost of control with 
insecticides, environmental considerations, ecological disruptions and 
intensification of secondary pest problems, and insecticide resistance-~all 
of these have resulted in the consideration of alternate methods for mana- 


ging the boll weevil and other cotton insects. 











Table 2.--State summaries for annual yield losses plus control 


costs caused by the boll weevil. 


Total Per Acre Yield Loss 

State ($ million) ($) (%) 
Alabama 45 81 18 
Arkansas 14 ie 3 
Georgia 36 90 23 
Louisiana 20 oi 9 
Mississippi is) 38 9 
Missouri 3 2 3 
North Carolina 12 69 18 
Oklahoma 6 14 e) 
South Carolina 19 60 ll 
Tennessee 7 16 4 
Texas 45 9 4 
1l state total 260 2D 7.4 


* Averaged for the 1970-72 crops; yield losses were figured at 


$0.50 per pound for lint and $80 per ton for seed (Debord 1973). 


Table 3.--Estimated number of applications per treated acre, selected years 


by cotton production Porat 
Gervonse 
production : Number of applications 
regions : 1969 : 1972 1974 : 1977 : Normalized— 
SE—1 4.0 = = = Vine 
SE=2 70 1350 14.0 18.9 120 
SE-3 10.0 L530 14.0 iZe5 16 
SE-4 4.0 5.30 8.0 eo Dred 
SE-5 8.0 FeO 8.0 i2) Li} 
SE-6 6.0 = = 12735 Leo 
SE—/ 4.0 >. 0 7.0 0.9 Oz 
SC-1 4.0 7.0 7.0 8.5 8.9 
SG=2 eu 4.0 5.0 2 oe 20 
S¢-3 58) Ze0 4.0 ay) Jig? 
SC-4 2.0 2, 0 4.0 aL Dea 
SC-5 6.0 eh, 1050 = vies 
SC-6 5.0 She 0) 0.6 ine 
SC-7 120 Zi0 220 0:3 1.0 
wW-1 220 2,0 ets) = 
W-2 7.0 7 9.4 = 
w-3 4.0 9x0 | - - 
W-4 2.0 = ~ in = 
W-5 (Pas B20 = bee = | 
w-6 3.0 - - - a ; 


=z, See Attachment B. 2. 

Fe : ; } : 

3/ See Figure 3 for location of production regions. 

— Reflects average insect pressure and current technology. 





Table 4.--Estimated materials cost per harvested acre, selected years, by 


cotton production region. (1979 Constant Oe eg ee 





cotronc) 
Bee Ce OD ere es ee Materialercosteper acre 
cel eal eens tie Ah So /9econstant Dollars: = — 9 - — = -— = 
SES] 16.54 = = 43.68 
SE-2 £9227 43.30 Sy Eager) 64.08 T>e0F 
SE>3 31.89 57.49 ay beg th 39 .86 81.05 
SE-4 PAZ 19'.43 199 5 18.08 19.41 
SE=5 2019 16369 22.84 391,86 GLa 4 
SE=O 20.02 = = 39 .86 27 .84 
SE-7 1d .92 A of he) 13794 Pah es) 2420) 
SC-I 18.14 22.49 244 24.77 47.86 
SCz2 aly! oi 30 T6395 6.06 C230 
aGeo 6.00 6.15 SUE! 7.6D ae 
SC-4 6.42 BEN SHS 197.98 PANG) 19.41] 
SC=5 tS333 o7 al 1 Sew, = ae) 2 )8) 
SC=6 18.45 11.49 13.14 220 4.12 
SCa/ 4.51 10.62 5.18 .87 (Este) 
w-1 ea OF 20 .06 Ao 7.05 = 
W-2 33.46 1159) ce Wg 33570 = 
W-3 24 .96 63.05 37.74 = = 
W-4 12.20 = = 2.55 © 
W-5 299 Piso O = Piae eS) = 
W-6 Weer - - - ee 


ene eee ers ee 
1/ See Attachment B. 2. 


2h See Figure 3 for location of production regions. 
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Biological Evaluation 


Two trials were conducted concurrently to compare boll weevil eradication 
and optimum pest management. Requirements were specified for extrapolating 
and evaluating the impacts of alternative programs beltwide. The biological 
aspects of this evaluation are presented here; environmental and economic 
aspects are presented in separate reports. 

The Biological Evaluation objectives were: 

1. To evaluate the degree of biological success of the 

Boll Weevil Eradication (BWE) Trial and the Optimum 
Pest Management (OPM) Trial. 

2. To develop the relationships of the detrimental and 
beneficial cotton arthropods to the environment, cul- 
tural practices, need for insecticide applications 
and resulting yield. 

3. To measure the impact under BWE and OPM compared with 
Current Insect Control (CIC) of the boll weevil, 
bollworm/tobacco budworms and predators and parasites 
on pesticide usage and cotton yield in North Carolina 
and Mississippi. 

4. To provide inputs needed to assist in the estimation of 
beltwide biological impacts of alternative boll weevil/ 
cotton insect management programs by regions. 

To meet the objectives listed above, the Biological Evaluation Team 
(BET) (see description of Research Teams on page vi) critically examined 
representative cotton fields from each of the trials (BWE and OPM) and from 
some nearby areas not included in the trials (CIC). Information gathered 


included topography, soil type, and fertility conditions, surrounding 
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habitat, weather data, crop history and plant growth characteristics, chemi- 
cal applications, arthropod pest infestations, and counts of beneficials and 
other insects. In addition, data collected on infestations in all fields 
within the trials by APHIS personnel in North Carolina (BWE) and by Missis- 
sippi Cooperative Extension Service sponsored scouts in Panola ounty, 
Mississippi (OPM), were reviewed and analyzed by BET. 

Close attention was given to interpreting boll weevil population counts, 
identifying sterile vs. wild weevils, interpreting long-range dispersal, and 
pinpointing sources of origin. The overall effects of the trials (immediate 
and long-range) on damage by other pests also was considered (Objective 1). 

Arthropod populations within the cotton fields were considered as 
dynamic communities. Data obtained on populations from direct observations 
and special sample techniques were utilized to make recommendations on better 
pest and beneficial management schemes (Objective 2) (Attachment B~. 12). 

The impact under BWE, OPM, and CIC on populations of the boll weevil, 
bollworms, and selected beneficials and the resultant effect on cotton yield 
and pesticide use (Objective 3) were specifically addressed with the use of 
simulation models (Attachment B. 14 and 17). 

The BET assisted the Delphi process, including organizing resource 
material, to aid in estimating the beltwide impact of alternative insect 
control options (Objective 4). 

Two Research Teams (SEA and SAES cooperating), one in North Carolina and 
one in Mississippi, were organized to collect the specific data required pri- 
marily for biological evaluation. Several consultants assisted and a co- 
operative agreement with Mississippi State University, Department of Agricul= 
tural Economics, provided simulation modeling assistance. 


Compatible programs were developed for storage and handling of operation 


and evaluation data in the North Carolina State University computer for the 
BWE Trial and in the Mississippi State University computer for the OPM 
Trialy 

In summary, the major components of the Biological Evaluation Plan in- 
cluded biological evaluation of the trials, biological impacts of the trials 
in comparison with CIC, and support in estimating beltwide biological impacts 


of alternative cotton insect management options. 
COTTON INSECT MANAGEMENT 
The Boll Weevil Problem in Perspective 


The boll weevil, Anthonomus grandis (Boheman), was described in 1843 by 
C. H. Boheman from specimens received from Vera Cruz, Mexico. The first 
report of the occurrence of the boll weevil in the United States was received 
by the Department of Agriculture in the fall of 1894 from Brownsville, 

Texas. C. H. T. Townsend of the Division of Entomology was sent to Texas 
where he found several counties were infested with boll weevils and that 
serious damage had been caused by the pest since 1892. 

Townsend's (1895) report relating to the area infested and the life 
history and habits of the boll weevil was published in March 1895 in Insect 
Life, Vol. 7, No. 4. He recommended that cotton stalks be destroyed to kill 
overwintering weevils and that a non-cotton zone be established to prevent 
further spread of the pest insect. The Department of Agriculture reported 
the seriousness of the pest to the Governor of Texas and urged immediate 
legislation to permit quarantines and remedial work. By 1895 the boll weevil 
had spread as far north as San Antonio and as far east as Wharton, Texas. 

The legislature of Texas appropriated funds for research and appointed a 


state entomologist to investigate means of control. The work on the boll 
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weevil by the Division of Entomology of the U.S. Department of Agriculture 
was discontinued at the end of the 1895 season. 

The boll weevil continued to spread, with 1898 being an especially 
favorable year. By 1901 other states were threatened with invasion. Con- 
gress, therefore, appropriated special funds to support research designed to 
discover a means of preventing further spread. The resulting program was 
directed by W. D. Hunter. In 1908, Hunter demonstrated the cultural methods 
of controlling the boll weevil that had been developed and were recom- 
mended by the Division of the Farmers' Cooperative Demonstrations of the 
Bureau of Plant Industry. This organization developed into the present 
Extension Service of the U.S. Department of Agriculture. 

In 1902, a laboratory was established at Victoria, Texas, to study the 
boll weevil. This work was moved to Dallas, Texas, in 1905 and from Dallas 
to Tallulah, Louisiana, in 1909; studies continued there until June B30. 
Lose 

The development of materials capable of controlling the boll weevil is 
of considerable interest (see Attachment B. 10 for a detailed discussion) . 
Paris green was tested in 1896, but it was not an effective material. In 
1908, lead arsenate was formulated as a dust and at first seemed a promising 
supplement to cultural methods of controlling the boll weevil. However, 
results were erratic, and the method was not recommended by the Bureau or 
used extensively by growers. 

The first breakthrough came when the insecticide, calcium arsenate, was 
used in field tests against the boll weevil in 1916 (Coad 1918). Although 
problems with formulations were encountered, sufficient progress had been 
made by 1921 so that the material was tested in several sections of the 
Cotton Belt by Tallulah laboratory personnel. Machines for applying the 


material were developed at the same time. 
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The next step in boll weevil control was the application of calcium 
arsenate dust from airplanes. The use of airplanes was suggested by the 
success the Ohio Agricultural Experiment Station achieved with aerial 
applications of lead arsenate for control of the catalpa sphinx, Ceratomia 
catalpae (Boisduval), in 1921. However, the first such efforts against 
cotton insects were made against the cotton leafworm, Alabama argillacea (Hubner), 
in 1922. Thereafter, this method of application rapidly became widespread, 
and commercial companies soon maintained fleets of airplanes for use in 
controlling the boll weevil and the cotton leafworm. 

Calcium arsenate dust and its application via aircraft was a major 
breakthrough in boll weevil control, but the insecticide was never widely 
accepted because its use often caused the development of infestations of the 
cotton aphid, Aphis gossypii Glover. This pest, if uncontrolled, would 
damage cotton sufficiently to offset any benefits obtained by controlling the 
boll weevil. Nicotine sulfate was developed as an aphicide, but it was 
difficult and unpleasant to formulate and apply, and it never gained wide 
acceptance. 

The next major breakthrough was the development of organochlorine 
insecticides. However, the first of them, DDT, did not control the boll 
weevil. Only when BHC, toxaphene, aldrin, dieldrin, and heptachlor were 
developed did growers have more efficient insecticides than calcium arsenate 
(Ewing et al. 1947). When these materials were mixed with DDT, the mixture 
effectively controlled both the bollworm and the boll weevil; and parathion 
could be used as an aphicide when needed. Thus, once low-pressure, low-volume 
Sprays were developed, growers and researchers felt that the Situation was 
well in hand. 


The widespread use of organic insecticides on cotton to protect the 
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crop from damage by the boll weevil resulted in the introduction of longer 
season cotton varieties, improved fertilization, and cultural practices to 
increase yields. In turn, insecticides were applied for a longer period to 
protect the crop. 

The era of control with organochlorine insecticides was short-lived. 

By the mid-1950's, the boll weevil developed resistance to these insecticides 
(Roussel and Clower 1957; Walker and Hanna 1960). In the meantime, methyl 
parathion and later azinphosmethyl were developed for control of the boll 
weevil (Ivy et al. 1955; Robertson and Arant 1955). Ultra-low volume 
applications of malathion and azinphosmethyl came into the picture in the 
mid-1960's (Burgess 1965; Cleveland et al. 1966; Lloyd et al. 1972). 

Resistance to the organochlorine insecticides in the boll weevil and 
increasing costs associated with its control caused the cotton industry to 
carefully consider alternative strategies for dealing with the problem. At 
the request of Congress, the boll weevil problem was reviewed in 1958. As 
a result of this review, the Boll Weevil Research Laboratory was established 
in 1961 on the campus of Mississippi State University, and research was 
strengthened at several USDA Cotton Insect Research Laboratories and state 
Agricultural Experiment Stations. The goal of this intensified research was 
to develop technology suitable for use in eliminating the boll weevil as an 
economic factor in cotton production. 

The boll weevil was controlled by growers with insecticides developed by 
the chemical industry, which had been evaluated in USDA and state agricultural 
experiment station laboratories, and were recommended by the Federal and state 
Extension Services. Application of this chemical control technology varied 
widely from overuse to no use. Growers who did not apply insecticides 


for control of the boll weevil in their crops provided sanctuaries for the 
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boll weevil and a source of infestation for an entire community in the 
current and in the next crop season. 

Entomologists have long recommended control of the boll weevil and 
associated pest problems in a manner consistent with modern concepts of 
insect pest management (Attachment B. 1). From the early work of Dwight 
Isley, an insect pest management system was developed in Arkansas in the 
1930's and 1940's. Its major components were scouting, spot dusting, and 
early maturity of the cotton crop. In the late 1940's and early 1950's, 

K. P. Ewing and C. R. Parencia developed a system of early season insect 
control on a community-wide basis in Texas. In the mid and late 19/008; 

J. R. Phillips developed an insect population management system on a 
community-wide basis in Arkansas. In Texas, the development and use of 
short~season rapidly fruiting and determinate cotton genotypes (Attachment B. 
4) (late 1960's-1970's), along with uniform planting (early and delayed), 
area-wide post-harvest stalk destruction, and field scouting have substantially 
reduced the boll weevil as an economic pest. Thus, over the years an escala- 
tion in cotton insect control practices occurred. Extension entomologists 
began to train scouts and encouraged scouting. Universities began to train 
pest management specialists. Cotton producers began to retain private 
consultants to assist in making pest management decisions. A pest management 
program funded by the U.S. Department of Agriculture was conducted from 1972 
to 1974 to encourage cotton producers to use cultural (Attachment B. 3) and 
biological pest control measures in combination with insecticides, as needed, 
to protect their crops from damage. Since 1975, Federal funds have been 
provided to state extension services in cotton-producing states to develop 
cotton pest management programs. Much progress has been made in the improve- 


ment of insect population management especially in recent years. These 
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developments have resulted in the optimum pest management concept of insect 
control (Attachment B. 15). 

The eradication and optimum pest management concepts differed signifi- 
cantly from the currently used insecticide technology in that all cotton 
acreage within an area selected for eradication, and a very high percentage 
of acreage in OPM, must be included for the procedures to be effective 
(Attachment B. 16). Procedures for eradication must include suppression of 
low as well as high density populations and a detection system with a high 
probability for quickly locating incipient infestations. A major change 
required by the eradication concept is the implementation of eradication 
technology on the entire acreage by a governmental agency, or a privately 
sponsored group, until eradication is achieved. In OPM, growers over a large 
area agree to use suppressive measures against the diapausing boll weevil 
population so that overwintered numbers are reduced to such low levels that 
treatment for control in the subsequent season may not be needed or is 
delayed until later in the season (Attachment B. 15). 

Area-wide boll weevil suppression technology includes: (1) diapause 
control (Brazzel et al. 1961) and reproduction-diapause control (Lloyd et al. 
1966) procedures to suppress boll weevil populations in the fall; (2) a 
detection system based on pheromone-baited traps (Cross and Mitchell 1966; 
Tumlinson et al. 1969; Leggett and Cross 1971); and autocidal procedures 
based on mass-reared and released sterile boll weevils (Gast and Vardell 
1966; Davich et al. 1965: Mieeced and) Earle 1070). In 1971-1975, a Large-scale 
field test incorporating this newly developed technology was implemented in 
southern Mississippi with adjacent areas in Louisiana and Alabama. The test 
area was selected to represent the most difficult boll weevil problem existing 


in the Cotton Belt. The Pilot Boll Weevil Eradication Experiment included 
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the following supression components: 


1971 


Inseason conttol by growers. 
Reproduction-diapause control with insecticide treatments applied by the 
operations agency (APHIS, USDA). 


Defoliation and stalk destruction. 


1972 


Pheromone-baited traps placed around cotton fields during the spring. 
Pheromone-baited trap crops. 

Inseason control with insecticides applied by the operations agency. 
Reproduction-diapause control with insecticides applied by the operations 


agency. 


1973 


Pheromone~baited traps placed around cotton fields during the spring. 
Pheromone-baited trap crops during the spring. 


Release of sterile male boll weevils. 


The major results of the experiment follow: 


A high degree of suppression could not be attained with chemical and 


cultural measures applied during the fall unless the boll weevil population 


was held to a reasonably low level during the growing season. 
A thorough inseason insecticide program carried out on all of the cotton 
acreage within a prescribed area followed by a thoroughly applied re- 


production-diapause spray schedule in the fall reduced overwintering 
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boll weevil populations to a very low level. 

3. Pheromone-baited traps provided information on boll weevil distribution 
and abundance and added an important suppression component against low 
populations. 

4. The release of treated boll weevils, even though less than 100% sterile, 
effectively suppressed the native low density populations. 

5. Enough movement of boll weevils from heavily infested cotton through the 
intensively treated Buffer Area of 12-20 miles caused detectable infesta- 
tions for at least 25 miles from heavily infested cotton into the northern 
end of the core area. 

6. Despite generally inadequate financing, inexperienced operational per- 
sonnel, relatively poor quality sterile boll weevils, and the use of ster- 
ility and attractant techniques not yet fully perfected, the boll weevil 
population by Year 3 was reduced to a remarkably low level throughout the 
core area. 

7. Im cotton fields isolated by more than 25 miles from heavily boll weevil 
infested cotton, no reproduction was detected by available survey methods 
in a total of 170 cotton fields during 2 generations of development. 
Thirty four of sixty-six cotton fields isolated by less than 25 miles had 
low level incipient infestations. The incipient infestations were 
reduced to non-detectable levels by thorough insecticide applications 
applied for one generation. 

Reports on the evaluation of the Pilot Boll Weevil Eradication Experi- 
ment were prepared by the Technical Guidance Committee for the Pilot Experi- 
ment (Knipling 1976) and by the Review Committee of the Entomological Society 
of America (Eden 1976). The Technical Guidance Committee identified the 


following specific research needs: 
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1. Improved mass-rearing procedures to assure the capability of producing 
adequate numbers of high-quality boll weevils for sterilization and 
release. 

2. Improved sterilization techniques to assure the attainment of maximum 
and consistently high levels of sterilization with a minimum detrimen- 
tal effect on the vigor and mating competitiveness of the males. 

3. New methods of sterilizing both sexes of the boll weevil so as to obviate 
the cost of separating sexes and to reduce costs and logistic problems 
associated with feeding boll weevils for six days before release. 

4. Continued investigations on grandlure (boll weevil pheromone) to develop 
the most effective and least costly method of employing the attractant 
for: (a) suppression, (b) as a means of detection and population assess- 
ment, and (c) as a means of monitoring progress in population suppression. 
The Review Committee of the Entomological Society of America identified 

the same research needs. 

The Technical Guidance Committee for the Pilot Experiment concluded that 
it was technically and operationally feasible to eliminate the boll weevil as 
an economic pest in the United States by the use of techniques that were 
ecologically acceptable. The Review Committee of the Entomological Society of 
America did not agree on whether technical feasibility of eradication 
of boll weevil populations was demonstrated. It concluded that an attempt 
to eradicate the boll weevil should be a socio-political decision. It 
recommended that all members of the Entomological Society of America inform 
themselves as to the long-range environmental and economic benefits that 
would result from a successful eradication program and weigh the benefits 
against the costs involved. 


Considerable controversy developed over the results obtained in the 
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experiment. Availability of technology to achieve eradication was questioned. 
An agreement was reached (assuming funds be made available) whereby a Boll 
Weevil Eradication Trial would be conducted in northeast North Carolina and 
adjacent areas of Virginia concurrently with an Optimum Pest Management Trial 
in Panola County, Mississippi, to determine whether boll weevil eradication 
was feasible and to compare the alternatives, biologically, economically and 
environmentally (Attachments B. 18, 19, and 20). The Trials began in 1978 and 
were completed at the end of 1980. 

Technical aspects and operational plans for the Optimum Pest Management 
and Boll Weevil Eradication Trials are presented in other sections of this 
report. These trials were large-scale tests of area-wide suppression 
technology for population management or eradication. The new area-wide 
suppression systems were compared with current insect control management 
systems which rely on inseason insecticide treatments for reducing popula- 


tions below action levels (economic thresholds). 


Ty 


Overview of Technology Available 


Technology Available for Current Insect Control Programs 


Technology used in current insect control programs varies from region 


to region. Components included in many control programs include: (1) early 








A/ In wide areas of Texas cotton land, and to some extent in other 
boll weevil infested states, special consideration is given to short season 
varieties and to cultural practices such as early planting date, reduced 
fertilizer use and irrigation, and post harvest destruction. Also, with 
supported alternative programs consideration would be given to managing the 


bollworm/ tobacco budworm with microbial insecticides: as. a finst choice. 
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season control of the boll weevil and other insects with insecticides; (2) 
scouting to determine the presence of damaging insect population levels and 
to determine effectiveness of insecticidal control procedures; (3) in-season 
control of boll weevil, other damaging insects, and spider mites; and (4) 
voluntary diapause control for the boll weevil. (Reference Attachment B. 10 
for a detailed summary of insecticides and dosages currently used for the 
control of cotton insects.) Funding for the Cooperative Extension Services 


will be at current levels. (Table 6): 


Technology Available for Optimum Pest Management 


of the Boll Weevil and Other Cotton Insects 
a YE 


Optimum Pest Management of the boll weevil and other cotton pests as 
demonstrated in the OPM Trial differs from current insect control programs 
because boll weevil populations are suppressed during the fall by diapause or 
reproduction-diapause control programs. By reducing boll weevil populations 
during the fall, the need for insecticide treatments for boll weevil control 
is delayed the next crop season, thus preserving beneficial arthropods which 
attack the bollworm/tobacco budworm complex. Components of an Optimum Pest 
Management program include: (1) diapause or reproduction-diapause control 
treatments during the fall (see exception below); (2) scouting to determine 
the presence of damaging insect population levels; (3) and in-season control 
of the boll weevil, other damaging insects, and spider mites. These proce- 
dures are repeated each year as indicated in Table 6. Definitions of some 
OPM options are described below (Table 6): 

1. Optimum Pest Management with Incentives (OPM-I) utilizes Federally 

funded diapause control treatments during the fall and pinhead 
Square treatments as needed in order to suppress the boll weevil 


population so that 90% or more of the acreage will not require 


Pe 


Table 6. Application of Technology tn Indicated Boll Weevil Control, Suppresston, or Eradication Strategy 














Current Insect Control Program Modified Optimum Pest Manugement Optimum Pest Hanagement Programs 





Boll Weevil Eradication Program 


(OPH-BHE and cic-bye)?/ 
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1.) Short season varlety= 1. Short season varlety— tl. Short season varlety— 
2. Cultural Proceites=| 2. Cultural preccienses 2. Cultural practitese, 
a. Opttoanum planting date a. Early planting date a. Early planting date 
b. Reduced fertilizer aud b. Reduced fertilizer and b. Reduced fertilizer and 


irclgation (when appro- irrigatton (when appro- icctgation (when appro- 


priate) priate) priate) 


c. Post harvest stalk c. Post harveat stalk coe Post harvest stalk 


destruction 


destruction deatruction 


3. Scouting 3. Scouting 3. Scouting 
4. Boll weevil control 4. Boll weevil control 4. Boll weevil contro} 
a. Early season a. Early season e. Early season 
b. In-season b. in-season b. In-season 
5. Minaging other cotton insects 5. Managing other cotton insects 5. Managing other cotton insects 


by selective use of Insecticide by selective use of Incesticides 


6. Uanage bollwora/tobacco bud- 6. Manage bollworm/tobacco bud- 


worm with microbial insectl- worm with microbial Insecti- 


cides a3 a first cholce and cides as a first choice and 


other effective insecticidee 


e/ 


ay necessary — 


other effective insecticides 
as necessary— 
7. Diapause or reproduct lon- 
diapause control in late 
Summer and fall for area- 
wide population suppres- 


sion 


by selective use of insecticides 


1. 
2. 


3. 


7. 


Short season varlety= 

Cultural ames! 

a. Eacly planting date 

b. Reduced fertilizer and 
ircigation (when appro- 
priate) 

c- Post harvest stalk 
destruction 

Scouting 

Boll weevil control 

a. Karly season 

b. In-season 

Managing other cotton insects 

by selective use of insecticides 

Manage bollworm/tobacco bud- 

worm with microbial insecti- 

cides as a first chotce and 

other effective insecticides 

ag necuceanyres 

Diapause or reproduct lon- 

diapause control in late 

Bummer and fall for area- 

wide population supprea- 

sion! 

Grandlure-baited peripheral 


traps in the fall’ 
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Year Il 


(Same as Year 1) (Same as Year 1) (Same as Year 1) 


1. 
2. 


6. 


Short season varlety~ 

Cultural preceicesc4 

a. Early planting date 

b- Reduced fertilizer and 
irrigation (when appro- 
priate) 

c- Post harvest stalk 
destruction 

Scouting 

Crandlure-baited peripheral traps 

in the spring around Year I 

fields!! 

Release of sterile boll weevils 

at pinhead square stage of plant, 

growth and continue for 3 to 5 

meting! 

Foliar sprays of diflubenzuron 

at pinhead stage of plant growth 

and continued for 3 to 5 weeks. 

Close diflubenzuron treatments 

with boll weevil insecticide to kill 

emerged overwintered bol} Reerileses 

Infield grandlure-baited traps for 

detection of incipient boll weevil 

infestations. Incipient infesta- 

tions eliminated with most appro- 

priate suppression mer hodee 

Managing other cotton Insects with 


natural occurring beneficial in- 


sects, or with insecticides. 





—— 
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Year III and subsequent years 





(Same as Year 1) (Same as Year 1) (Same as Year IL) 





ol) CIC implies current funding for the Cooperative Extenston Services. 

vf HueM implies increased funding for the Cooperative Extenston Services. 

ot OPH-L, PL, and NL implies increased funding for the Cooperative Extension Services. 
CLC-BWE tmplies current funding for the Cuoperative 
the Cooperative Extenslon Services one year prior to an eradication program, 
<" Applies primarily to Texas 

t Conducted by BYE Operations 


during and following the program. 


3. 








Scouting 

Managing other cotton insects with 
natural occurring benefical insects, 
other suppresalon methods which 
preserve benefictal Ineects or 

with insecticide. 

Gceandture-balted traps for monltor- 
{ng any incfiplenct boll weevil pop- 


elettonues 





Extenston Services in an eradication program, while OPN-BWE implies increased funding for 


mid-season treatments before the onset of Heliothis pressure. 
While implementation of technology for OPM-I will vary among 
different parts of the Cotton Belt, adequate incentives will en- 
courage a high level of participation. Increased technical assis- 
tance by the Cooperative Extension Services will be included as a 
paritaofseOPM-T., 

2. Optimum Pest Management with the incentives (OPM-PL) utilizes the 
same technology as OPM-I except incentives are phased out by Year 4. 
Increased technical assistance and supervision by the Cooperative 
Extension Service will be included as a part of OPM-PI. 

3. Optimum Pest Management with no incentives (OPM-NI) recommends 
the same technology as OPM-I and OPM-PI, except that the incentives 
are not provided. Assistance and supervision by the Cooperative Extension 
Services will be included as a part of OPM-NI. 

4. Modified Optimum Pest Management (MOPM) will not necessarily include 
diapause control or early season insecticide treatment programs for 
boll weevil suppression. (However, all available technology can be 
used in a MOPM program.) MOPM will provide increased technical 


assistance and guidance by the Cooperative Extension Services. 


Technology Available for Use in a Boll Weevil Eradication Program 


(CIC-BWE and OPM-BWE) 
ave pw and UrM-BWE} 


Technology employed in proposed future boll weevil eradication programs 
would vary from region to region depending upon the size of the infesting 
boll weevil populations. Technology available for use in eradication programs 
include the following--Year I: (1) inseason control of the boll weevil and 


other pests, and (2) diapause or reproduction-diapause of the boll weevil in 


ay | 


the fall; Year II: (1) grandlure (pheromone)-baited peripheral traps for 
survey and suppression (Attachment B. 8), (2) release of sterile boll weevils 
(attachments B. 7 and 11), (3) foliar sprays of diflubenzuron for boll 
weevil suppression where warranted (Attachment B. 9) and (4) grandlure-baited 
infield traps for detection of incipient boll weevil infestations; Year III: 
(1) grandlure-baited peripheral traps for survey and detection, and (2) 
grandlure-baited infield traps for detection of incipient boll weevil infes- 
tations. CIC-BWE implies funding for the Cooperative Extension Services at 
the current level of funding, while their funds would be increased with 
OPM-BWE . 

A comparison of application of technology in current insect programs, 


Optimum Pest Management and Boll Weevil Eradication, is presented in Table 67 


Other Technology Available for Control of the Boll Weevil 


and for Managing Other Cotton Insects 


In addition to technology previously identified, varieties with resis~ 
tance to the boll weevil and other cotton insects are being developed (At tach= 
ment B. 4). Some have been introduced as commercial cultivars. Other 
varieties, commonly referred to as "short season ¢ottons,'' begin fruiting 
Pevidereand mature earlier than “full season" varieties. The earlier 
maturity (or short season cottons) eliminates the development of late season 
insect populations in areas where they have been adapted for grower use. 

The use of resistant varieties or types of cotton modified for early harvest 
will enhance the effectiveness of other suppression systems. This manage- 
ment strategy, along with selective early-season insecticide use and post~ 
harvest stalk destruction in central and south Texas, is effective in 


controlling the boll weevil. Area-wide, uniform, delayed planting in the 
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rolling plains of Texas has been highly effective in minimizing damage by 
taking advantage of suicidal emergence of the boll weevil in the spring. In 
addition, beneficial arthropod populations are preserved and allowed to 
suppress other pests, particularly the bollworm/tobacco budworm (Attachment 
B. 5). Based on field scouting (Attachment B. 12), insectcides may be 
applied at specific action levels. The optimum approach is the use of a 
microbial insecticide (Attachment B. 6) as a first choice for bollworm/ 
tobacco budworm suppression. This action precludes engaging in a costly 
season-long insecticide control program. Conventional insecticides are used 


as a last alternative in this management scheme. 
Restrictions to Technology Available 
a a a) Oe ee 


Recent developments in technology available for cotton insect control 
have been restricted by actions of regulatory agencies. These actions have 
restricted development of chemical insecticides to those of short residual 
activity, non-persistence in soil and plants, and greater biological selec- 
tivity; all of which have increased cost of insecticides. However, such 
regulatory restrictions are serving a useful purpose in that they encourage 
development of a more holistic insect management system. Although the 
overall impacts of regulatory actions may result in short-term increased 
costs to the producer, improved methods of managing cotton insects should 


provide greater long-term benefits. 
BOLL WEEVIL TRIALS 
Boll Weevil Eradication Trial 


The Boll Weevil Eradication (BWE) Trial was conducted by APHIS in the 


northeastern part of North Carolina with a small adjoining area in Virginia, 
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1978-1980 (see Attachment C). The Trial and adjoining Current Insect 
Control (CIC)-practice areas are identified as follows: 

1. The Evaluation Area for the BWE Trial includes the principal cotton- 
producing counties of Northampton, Halifax, Hertford, Bertie, Edgecombe and 
northern Nash counties in North Carolina. Small cotton plantings were also 
present in Greenville and Southampton counties in Virginia. 

2. Chowan County, North Carolina, is also a part of the Evaluation 
Area but was used as a Methods Development Area by the APHIS operational 
group implementing the BWE trial. 

3) The Buffer Area for the BWE Trial includes the principal cotton-pro- 
ducing counties of Sampson, Harnett, Johnston, Cumberland, Wilson, and southern 
Nash in North Carolina. 

4. Scotland and Robeson counties are located on the southern coastal 
plain of North Carolina and represent one of two CIC-practice areas. 

5. Cleveland County, North Carolina, the second of two CIC-practice 


areas, is located in the western foothills (Piedmont) of North Carolina. 


Technology 


Wear 1) (1978): 

1. Use of pheromone-baited traps during the spring and summer around 1977 
cotton fields for survey and detection. 

2. Inseason control of boll weevil and bollworms. 

3. Diapause control with insecticides during the fall to reduce overwintering 
boll weevil populations. 

Weare (1979): 

1. Pheromone-baited traps during the spring and summer (1 trap per acre) 


around 1978 cotton fields for survey and detection. 
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2. Release of sterile boll weevils (for 4 weeks) beginning at initiation of 
squaring for suppression of surviving emerged overwintered boll weevil 
populations. 

3. Four foliar sprays of diflubenzuron (0.0625 lb. per acre per application) 
on ca. 400 selected acres in Evaluation Area and ca. 900 acres in the 
Buffer Area. (Diflubenzuron treatments were concurrent with the release 
of sterile boll weevils. One application of azinphosmethyl [0.25 lb. per 
acre] was applied to the 400 acres treated with diflubenzuron in the 
Evaluation Area following the fourth treatment .) 

4. Pheromone-baited infield traps (2 per acre) from mid-July until late 
August . 

5. Inseason control of bollworms by growers. 

6. Pheromone-baited traps around 1979 cotton fields at rate of 1 per acre 
from late August until frost. 

Year III (1980): 

1. Pheromone-baited traps around 1979 cotton fields during spring and 
summer . 

2. Pheromone-baited infield traps (ca. 1 per acre) from mid-July until late 
August. 


3. Suppression measures utilized as appropriate. 


Evaluation Criteria 


The evaluation of BWE was based on: (1) an expected 10 percent or less 
of the trial acreage being infested by boll weevil during the second year 
with population levels on that acreage reduced to 3 or less weevils per acre; 
(2) zero native boll weevil infestations in the Trial Area after July 15 of 


the third year of the program operations as determined by trapping survey 


eM 


and other available methods; (3) acceptable levels of bollworm and beneficial 
arthropod populations, and (4) acceptable levels of pesticide usage and 


yield. 


Evaluation Methodology 


The Boll Weevil Eradication Trial (BWET) began in 1978 and continued 
through the 1980 crop season. In 1977, baseline data for the Biological 
Evaluation of BWET in North Carolina were collected in Cleveland County 
(8 fields), Anson County (8 fields), Scotland and Robeson counties (8 
fields), Chowan County (6 fields), and Northampton, Halifax, and Edgecombe 
counties (18 fields). Because of dry weather and heavy bollworm infestations 
in 1977, acreage of cotton in Anson County was severely reduced in 1978. 
Therefore, collection of field data was discontinued in Anson County after 
the 1977 crop season. Locations of monitored areas are shown in Figure 3A, 

In 1978, the number of fields monitored was increasect to, 2lo Vfielde. 

A total of twenty-four of these fields were monitored intensively (semi- 
weekly). 

1. In the Evaluation Area of the Eradication Trial (excluding Chowan 
County), 126 fields were monitored including 8 intensively monitored fields. 
Fields were located (through 1980) in Northampton, Halifax, Hertford, Bertie, 
Edgecombe, and northern Nash counties. 

2. In the Buffer Area (Dunn area) of the BWET, 35 fields were monitored 
including 4 intensively monitored fields. Fields were located in Sampson, 
Harnett, Johnston, Cumberland, Wilson, and southern Nash counties. 

3. In Chowan County, 19 fields were monitored including 4 intensively 
monitored fields. Chowan County is an isolated cotton growing county on 


the eastern edge of the Evaluation Area and was used through 1980 as a 
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Methods Development Area by the APHIS operational group implementing the 
BWET. 

4. In Scotland and Robeson counties, 19 fields were monitored including 
4 intensively monitored fields. Scotland and Robeson counties are located 
outside the Eradication Trial Area in the southern Coastal Plain area of 
North Carolina and represented one of two G€lG-preactice areas? 

5. Cleveland County, the second of two ClC-practice areas, is located 
in the western Piedmont or foothills of North Carolina. In Cleveland County, 
20 fields were monitored including 4 intensively monitored fields. 

In 1979, there were 206 fields monitored in the Boll Weevil Eradication 
Trial. Of these, 26 were monitored intensively (semi-weekly). 

1. In the Evaluation Area of the Eradication trial, 115 fields were 
monitored including 10 intensively monitored fields. 

2. In the Buffer Area (Dunn area) of the BWET, 21 fields were monitored 
including 4 intensively monitored fields. 

3. In Chowan County, 28 fields were monitored including 4 intensively 
monitored fields. 

4. In Scotland and Robeson counties, 21 fields were monitored including 
4 intensively monitored fields. 

5. In Cleveland County, 21 fields were monitored including 4 intensively 
monitored fields. 

In 1980, there were 155 fields monitored in the Boll Weevil Eradication 
Trial. Of these, 24 were monitored intensively (semi-weekly). 

1. In the Evaluation Area of the Eradication Trial, 68 fields were 
monitored including 8 intensively monitored fields. 

9. In the Buffer Area (Dunn area) of the BWET, 21 fields were mon- 


eyored including 4 intensively monitored fields. 
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3. In Chowan County, 25 fields were monitored including 4 intensively 
monitored fields. 

4. In Scotland and Robeson counties, 20 fields were monitored includ- 
ing 4 intensively monitored fields. 

5. In Cleveland County, 21 fields were monitored including 4 intensively 
monitored fields. 

Dynamic crop information such as weather, fruiting, missing fruiting forms 
plant height, rooting depth and number of main stem nodes were recorded. Bene- 
ficial and pest arthropod populations were monitored with weekly estimates of 
Bente tones damage in the fields. The size of beneficial arthropod popu- 
lations was estimated by sampling with a D-Vac insect collecting machine. 

The sample was returned to the laboratory where the numbers of each species 
(or a group of species) were determined. 
Static crop information such as planting date, cultivar, row spacing, soil 


types, surrounding vegetation, insecticide applications, and yields were recorded. 


Results of Research Team Studies 


1. Comparison of insect populations and damage for 1977 fields 


and 1978, 1979, and 1980 intensively sampled fields 


Boll Weevil Damage: The estimated number of boll weevil punctures (feeding 
and oviposition) in the 5 sampled areas for 1977-1980 is shown in Figures 4-8 
(see figures beginning page 46). Boll weevil infestations were light in 1977. 
The Evaluation Area (Figure 4) experienced peak damage the first week in July 


in 1977 (ca. 300 punctures per acre). The boll weevil infestation was also 


Ly 


All populations cited in this report could be adjusted to actual values 


per acre according to Smith et al. (Attachment B. 12). 


Sp) 


very light in 1978 when a few punctures were detected the week of July 15 

and again in late August. In 1979, feeding punctures were detected in July 
and early August. These feeding punctures were attributed to sterile 

weevils released from June 18 through July 9. In 1980, no feeding or oviposi- 
tion punctures were detected in the intensively sampled fields. 

The Buffer Area (Figure 5) experienced peak boll weevil damage during 
early August in 1978 (ca. 900 punctures per acre). In 1979, peak damage in 
the Buffer Area occurred in mid-July. These were feeding punctures (except 
for 1 egg puncture containing a sterile egg) and were attributed to the 
release of sterile boll weevils. During the fall of 1979, the Buffer Area 
was lightly infested with boll weevils and received 4 applications of 
azinphosmethyl during September and October for the control of diapausing 
boll weevils. No feeding punctures were detected in 1980 in the intensively 
sampled fields. However, trapping results indicated that low levels of 
weevil reproduction may have resulted from weevils migrating up from Scotland 
and Robeson counties. Therefore, 4 applications of azinphosmethyl (diagram 
control) were made during September and October of 1980. 

In Chowan County (Figure 6) during 1977, peak boll weevil damage 
occurred on July 7 when ca. 1,000 punctures per acre were observed. During 
1978, 5 treatments of diflubenzuron (0.0625 lb. per acre) were applied at 
weekly intervals beginning when cotton reached the 8-leaf stage. The 
diflubenzuron treatments were closed with one application of azinphosmethyl 
(0.25 lb. per acre). Approximately one pheromone trap per acre was installed 
around 1977 field locations beginning in late April. In addition, one infield 
trap per acre was installed in mid-July and maintained until early September 
when they were removed to perimeter locations. Ten overwintered weevils were 
captured during the spring of 1978 around 1977 cotton fields. The final 


weevil was captured on June 28, 1978. No weevils were detected by infield 
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traps in 1978. Similar trapping procedures were employed during 1978 and 1980. 
The last weevil captured in Chowan County was the June 28, 1978 record. 

Scotland-Robeson counties (Figure 7) experienced relatively low but 
sustained boll weevil damage during the unfavorable crop year of 1977. 
Organophosphate insecticides were used extensively during 1977 in an attempt 
to control the extremely heavy bollworm infestation. As a result of the 
intensive insecticide treatments in 1977 and the severe winter of 1977-1978, 
boll weevil populations were very light during 1978. However, in 1979 and 
1980, economically important boll weevil infestations were present and 
required insecticide treatments during late July and August. Because of the 
intensity of the boll weevil infestation in late August and September, 
insecticide treatments for the control of diapausing weevils were recommended 
to growers. However, this voluntary diapause control program was implemented 
by only a few growers in this area. 

In Cleveland County (Figure 8) during 1977, boll weevil infestations 
were observed in some fields. Most fields in the western part of the county 
had sizeable populations during the fall. However, the severe winter of 
1977-78 appeared to greatly reduce the number emerging in 1978. The 
first infested squares were observed during the week of July 21 with a peak 
infestation of ca. 1,800 squares per acre appearing in mid-August. Due in 
part to over-wintering mortality, no boll weevils were detected until the 
2nd week of August in 1979. At this time, some fields contained up to 30% 
punctured squares. During August, most of the sampled fields developed 
moderate populations of weevils. Diapause treatments were recommended to 
the growers by the Extension Service with about 50% responding with treat- 
ments. An economic population of weevils survived the winter of 1979-1980. 


This resulted in two of the four intensively sampled fields receiving a 


SY, 


total of 4.5 in-season treatments for boll weevil control plus an additional 

5.5 treatments for bollworm control. This, combined with two diapause treat- 
ments applied to the other intensive fields, resulted in a marked increase in 
the number of insecticide treatments in 1980 over the previous 2 years. 

Bollworm larval populations and boll damage: In the Evaluation Area, 
boll damage by bollworm was highest in 1977 when compared to 1978, 1979, 
and 1980 (figures 9-12). In 1977, bollworm damage occurred almost 2 weeks 
earlier than in 1978. The lowest level of damage was recorded in 1980. In- 
secticide treatments were effective in controlling bollworm populations in 
1978, 1979, and 1980. Because of intense population pressure in late planted 
fields in 1977, economic damage often occurred. 

In the Buffer Area, larval populations developed in early August in 
1978 (Figure 13). Peak boll damage was recorded in some fields in late 
August and early September. However, excellent yields were produced within 
the Buffer Area in 1978. In 1979 and 1980, bollworm infestations were less 
intense in the Buffer Area than in 1978 (figures 14 and 15). 

In Chowan County, approximately 15,000 damaged bolls per acre were 
observed in mid-August in 1977 (Figure 16). However, damage levels decreased 
rapidly with application of insecticides. Again in 1978, during late August, 
heavy bollworm infestations were observed (Figure 17). Excellent yields were 
recorded in spite of damage estimates of 15,000 bolls per acre. Similar 
damage levels were observed in 1979 (Figure 18). However, insecticide 
treatments were deliberately not applied to sampled fields in 1979. In 1980, 
damage levels reached an average of only 3,000 bolls per acre (Figure 19). 
Insecticide applications were also greatly reduced from previous years with 
only 1/3 of fields receiving treatments. 


In Scotland-Robeson counties, sustained bollworm larval populations were 
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recorded during 1977 from early July until late September (Figure 20). Many 
fields sustained substantial yield loss to bollworms. In 1978, the bollworm 
infestation was much smaller than in 1977 (Figure 21). Infestations were 
much smaller in 1979 than in 1978 (Figure 22). In 1980, damage levels were 
above those in.1979. but=still, below 1977 and, 1978, (Figure, 23). 

In Cleveland County, sizeable bollworm populations did not develop until 
mid-September during 1977 (Figure 24). Only low level populations developed 
in 1978 and 1979 (figures 25-26). However, in 1980, due in part to the 
application of several inseason treatments for boll weevil, beneficial 
insect populations were reduced allowing bollworm populations to reach 
damaging levels in some fields (Figure 27). Insecticides were not utilized 
for bollworm control in 1978 or 1979 in Cleveland County. In 1980, an 


average of 1.4 treatments were applied for bollworm control. 


2. Beneficial insect populations in 1977 sampled fields 


and intensively sampled fields in 1978, 1979, and 1980 


Estimated beneficial insect populations based on D-Vac samples in the 5 
areas of North Carolina for 1977-1980 are presented in Figures 28-32. These 
estimates of beneficial arthropods include the total number of beneficial 
insects and spiders except for predaceous thrips. In the Evaluation Area 
(Figure 28) the population levels of total beneficials increased approxi- 
mately 4-fold between 1977 and 1980. In 1977, average beneficial insect 
populations for July and August were estimated at 4,290 per acre; in 1978, 
6,290 per acre; in 1979, 11,674 per acre; and in 1980, 17,070 per acre. 
Decline in beneficial insect populations in the Evalution Area during August 
is related to the initiation of insecticide treatments and the very hot and 


dry conditions that typically exist. During 1977, insecticide applications 
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were begun about July 30; in 1978, after August 15; in 1979, after August 8, 
and in 1980 about July 30. The decline in beneficial insect populations 
during late August and September of 1979 was less severe than in the two 
previous years. This may be a response not only to reduced insecticide 
treatments during that period but to an extended rainly period in early 
September which stimulated regrowth of plants making them more attractive to 
beneficial insect populations. The rapid decline in mid-August of 1980 was 
partially the result of the initiation of insecticide applications and 
partially due to the very hot and dry conditions that existed in the cotton 
fields. 

An estimation of the total number of beneficial insects and spiders 
(except for predaceous thrips) in the Buffer Area is presented in Figure [ahs 
Numbers of beneficial insects (not recorded in 1977), while not as high as in 
the Evaluation Area, increased in 1979 and 1980 when compared to 1978. More 
insecticide treatments were also applied in 1978 than in the following 2 
years. The average number of beneficial insects per acre during July and 
August was 3,608 in 1978; 11,393 in 1979; and 13,806 in 1980. The seasonal 
decline in beneficial insects in the Buffer Area was directly related to 
initiation of insecticide treatments in all 3 years. 

An estimation of the total number of beneficial insects and spiders 
(except for predaceous thrips) in Chowan County is presented in Figure 30% 

An extremely heavy Heliothis population in 1977 required the intensive use of 
insecticides during August to protect the crop, resulting in a rapid decline 
of beneficial arthropods in August. In 1978, an average Obit. /oeinseccrcide 
treatments were applied to the crop. However, 5 of these were early season 
treatments with diflubenzuron followed by an application of azinphosmethyl 


on ca. July 20. As shown, the beneficial arthropods seemed to recover rather 
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quickly following this single organophosphate insecticide treatment. The 
remaining 5.75 treatments were initiated after August 15 and caused a sharp 
decline in beneficial insect numbers. In 1977, peak beneficial insect 
populations developed earlier than in 1978; however, peak numbers were 

similar both years. In 1979 and 1980, intensively sampled fields were not 
treated with insecticides, and large beneficial insect populations were 
present from early July until mid-September. The average number of beneficial 
insects per acre during July and August was 9,432 in 1977; 6,181 in 1978; 
205103 e1n 1979 sand LS. 227e4m 1980 

The total number of beneficial insects and spiders (except predaceous 
thrips) in Scotland and Robeson counties is shown in Figure 31. The numbers 
of beneficial arthropods were lowest in Scotland and Robeson counties of all 
the areas sampled. Populations declined rapidly as insecticide treatments 
were initiated. The average number of beneficials per acre for July and 
August was 799 in 1977; 4,353 in 1978; 4,930 in 1979; and 9,990 in 1980. 

An estimate of the total number of beneficial arthropods (except preda- 
ceous thrips) in Cleveland County is shown in Figure 32. Of the areas 
sampled, Cleveland County had the largest populations of beneficial insects 
and spiders. While there was a decline in numbers during September, large 
numbers were present throughout the sampling period, June through mid-September. 
Numbers were lowest in 1977, an extreme dry crop season. The average number 
of beneficial insects per acre during July and August was 6,208 in 1977; 
15,148 in 1978; 14,559 in 1979, and 24,515 in 1980. There was low usage of 


insecticides all 3 years of the Trial. 


3. Comparison of estimated yields in sampled fields with actual area-wide 


harvested yields during 1977, 1978, 1979, and 1980 


Estimated yields in fields sampled in 1977-1980, as well as actual 


4) 


reported yields for 1977-1979, are shown in Table 7. As expected, yields 
varied considerably from field to field, but trends within areas are evident. 
The excellent yields recorded in 1978 reflect the highly favorable weather 


which occurred during most of the growing season. 
4 + Use of insecticides in sampled fields in 1977, 1978, 1979, and 1980 


Insecticides applied in the BWE Trial Area and the two CIC-practice 
areas in North Carolina are shown in Table 8. Because of the very hot, dry 
weather in 1977, the growing season was shortened by several weeks and 
several additional insecticide treatments. In some cases, growers stopped 
treating because of marginal crop conditions. 

Evaluation Area: The number of insecticide treatments applied in all 
sampled fields for bollworm control in 1978 was less than observed in inten- 
sive fields only (Table 9). However, the total number of treatments for boll 
weevil and bollworm control in 1978 was similar for both groups of fields, 
with an average of 9.9 insecticide treatments applied in all sampled fields. 
This was reduced to 2.5 in 1979 and to 1.2 in 1980. 

Buffer Area: During 1978, an average of 13 insecticide treatments 
were applied in the intensively sampled fields (Table 9), while an average 
of 12 treatments were applied in all fields sampled (Table 8). In 1979, 
12.8 treatments were applied in intensively sampled fields, while an average 
of 12.9 treatments were applied in all fields sampled in the Buffer Area. 

In 1980, the applications dropped to approximately 9 in all sampled fields 
as well as the 4 intensive fields. 

Chowan County: As explained above, this was a Methods Development Area 
for the APHIS operational group. Bollworms received an average of 5.8 
insecticide treatments in the intensively sampled fields during 1978, while 


an average of 4 treatments were applied for bollworm control in all fields 
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sampled. The APHIS operational group used cotton fields in Chowan County to 
test the efficacy of microbial insecticides against the bollworm in 1979 

and 1980. Intensively sampled fields in 1979 represented the untreated 
check, while all fields sampled represented the total treatments included in 
the large-scale field experiment. Under these experimental conditions, 4.6 
applications were applied for bollworm control. In 1980, only 1/3 of the 
fields required treatments for bollworm control. The 4 intensively sampled 
fields received zero treatments, and all sampled fields received an average 
of 0.64 applications. 

Scotland and Robeson counties: An average of 10.8 treatments were 
applied in intensively sampled fields in 1978, while an average of 9.4 
treatments were applied to all fields sampled. In 1979, an average of 
7.5 and 7.8 insecticide treatments were applied to intensively sampled and 
all fields sampled, respectively. Insecticides applied during August of 
1979 were for boll weevil suppression as well as for bollworm control. In 
1980, an average of 9.5 treatments were applied in intensively sampled 
fields and 8.3 applications in all fields sampled. A 3-4 fold increase in 
treatments for boll weevil occurred in 1980 compared to 1979. 

Cleveland County: One grower applied a single application of methomyl 
for bollworm control during September 1977. No insecticides were applied in 
1978. During 1979, no insecticides were applied by growers for bollworm or 
for inseason control of boll weevils. However, ten fields out of twenty 
did receive boll weevil diapause treatments in combination with defoliant. 
In 1980, at least 4 of 21 fields received inseason control for boll weevil 
with 7 of the 21 fields receiving treatments for bollworm. Fourteen of 
twenty-one fields received boll weevil diapause control in conjunction with 
defoliation. Total insecticide treatments in 1980 increased 4-fold over 1979 


(Table 9). 
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Table 7.--Estimated yield (lbs. lint per acre) in cotton fields sampled for 
Biological Evaluation of the Boll Weevil Trial as well as grower 
harvested yields, North Carolina, 1977, 1978, 1979, and 1980. 


Sampled fieldsl/ 
No. of ibs. @ Lint/ acre Avg. areawide harvested yields2/ 
Year fields _ avg. range Lbsiatint Aacre 


Evaluation Area3/ 


1977 18 567 207- 923 389 
1978 124 691 255-1075 611 
1979 Wek 499 183- 822 374 
1980 68 415 226- 861 a 
Buf fer ieee! 
1977 Me : 333 
1978 35 923 75-1225 639 
1979 18 727 333-1075 506 
1980 20 624 360- 862 6} 
Chowan County 
1977 5 473 307- 671 331 
1978 18 740 541- 964 600 
1979 24 549 216- 699 485 
1980 25 510 297- 851 a 
Scotland-Robeson Counties 
1977 5 229 129- 312 255 
1978 19 664 194-1069 450 
1979 16 478 363- 546 523 
1980 20 483 116-1021 i) 
Cleveland County 
1977 8 293 66- 520 161 
1978 20 516 205- 807 361 
1979 18 320 192- 403 385 
1980 21 319 157- 446 6/ 


1700 
Each field with 12 samples of 5 row-feet. 

Et Agricultural Statistics, N.C. Crop and Livestock Reporting Service. 

3/ September 1980. 

— Includes Bertie, Chowan, Edgecombe, Halifax, Hertford, Martin, Nash and 
Northampton counties. 

Includes Beaufort, Johnston, Pitt, Wilson, Cumberland, Harnett and Samp- 
son counties. 

Fields not sampled in the Buffer Area in 1977. 

—' Not available until the summer of 1981. 
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Figure 4, Estimated no. of boll weevil punctures (feeding and oviposition) in 1977 fields and in 


1978, 1979 and 1980 intensive fields in Evaluation Area, BWET. North Carolina. 
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Figure 5. Estimated no. of boll weevil punctures (feeding and oviposition) in 1978, 1979 and 1980 


intensive fields in Buffer Area, BWET. North Carolina. 
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Figure 6. Estimated no. of boll weevil punctures (feeding and oviposition) in 1977 fields and in 


1978, 1979 and 1980 intensive fields in Chowan County, BWET. North Carolina. 
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Figure 7, Estimated no. of boll weevil punctures (feeding and oviposition) in 1977 fields and in 1978, 


1979 and 1980 intensive fields in Scotland-Robeson counties outside BWET area. North Carolina. 
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Figure 8. Estimated no. of boll weevil punctures (feeding and oviposition) in 1977 fields and in 1978, 


1979 and 1980 intensive fields in Cleveland County outside BWET area. North Carolina. 
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Figure 9, Estimated no. of bollworm larvae and no. of bollworm damaged bolls per acre in 


sampled fields in the Evaluation Area, BWET. North Carolina. 1977. 
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Figure 10. Estimated no. of bollworm larvae and no. of bollworm damaged bolls per acre in 


sampled fields in the Evaluation Area, BWET. North Carolina. 1978. 
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Figure 11, Estimated no. of bollworm larvae and no. of bollworm damaged bolls per acre in intensively 


sampled fields in the Evaluation Area, BWET. North Carolina. 1979. 
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Figure 12, Estimated no. of bollworm larvae and no. of bollworm damaged bolls per acre in 


sempled fields in the Evaluation Area, BWET. North Carolina. 1980. 
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Figure 13, Estimated no. of bollworms and bollworm damaged bolls per acre in intensively sampled 


field in the Buffer Area, BWET. North Carolina. 1978. 
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Estimated no. of bollworms and bollworm damaged bolls per acre in intensively sampled 


fields in the Buffer Area, BWET. North Carolina. 1979. 
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Estimated no. of bollworms and bollworm damaged bolls per acre in intensively sampled 


field in the Buffer Area, BWET. North Carolina. 1980. 
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Figure 16, Estimated no. of bollworms and bollworm damaged bolls per acre in sample fields in Chowan 
County, BWET. North Carolina. 1977. 
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Figure 17, Estimated no. of bollworms and bollworm damaged bolls per acre in intensively sampled 


fielde in Chowan County, BWET. North Carolina. 1978. 
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Figure 18. Estimated no. of bollworms and bollworm damaged bolls per acre in intensively sampled 
fields in Chowan County, BWET. North Carolina. 1979. 
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Figure 19, Estimated no. of bollworms and bollworm damaged bolls per acre in intensively sampled 


fields in Chowan County, BWET. North Carolina. 1980. 
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Figure 20. Estimated no. of bollworm larvae and bollworm damaged bolls per acre in sampled 


fields in Scotland-Robeson counties outside BWET area. North Csrolina. 1977. 
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Figure 21, Estimated no. of hollworm larvae and bollworm damaged bolls per acre in intensively sampled 


fields in Scotland-Robeson counties outside BWET area. North Carolina. 1978. 
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Figure 22. 
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Figure 23. 


Estimated no. of bollworm larvae and bollworm damaged bolls per acre in intensively sampled 


fields in Scotland-Robeson counties outside BWET area. North Carolina. 1979. 
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Estimated no. of bollworm larvae and bollworm damaged bolls per acre in intensively sampled 


fields in Scotland-Robeson counties outside BWET area. North Carolina. 1980. 
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Figure 24, Estimated no. of bollworm larvae and bollworm damaged bolls per acre in 


sampled fields in Cleveland County outside BWET area. North Carolina. 1977. 
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Figure 25, Estimated no. of bollworm larvae and bollworn damaged bolls per acre in intensively 


sampled fields in Cleveland County outside BWET area. North Carolina. 1978. 
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Estimated no. of bollworm larvae and bollworm damaged bolls per acre in intensively 


sampled fields in Cleveland County outside BWET area. North Carolina. 1979. 
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Estimated no. of bollworm larvae and bollworm damaged bolls per acre in intensively 


sampled fields in Cleveland County outside BWET area. North Carolina. 1980. 
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Estimated no. of beneficial insects per acre in 1977 sampled fields and 1978, 1979, 


and 1980 intensively sempled fields in the Evaluation Area, BWET. North Carolina. 
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Estimated no. of beneficial insects per acre in 1978, 1979, and 1980 intensively sampled 


fields in the Buffer Area, BWET. North Carolina. 
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Figure 30, Estimated no. of beneficial insects per acre in 1977 sampled fields and 1978, 1979 and 


1980 intensively sampled fields in Chowan County, BWET. North Carolina. 
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Figure 31. Estimated no. of beneficial insects per acre in 1977 sampled fields and 1978, 1979 and 1980 


intensively sampled fields in Scotland-Robeson counties outside the BWET area. North Carolina. 
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Estimated no. of beneficial insects per acre in 1977 sampled fields and 1978, 1979, and 1680 


intensively sampled fields in Cleveland County outside the DWET area. 
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Evaluation of Biological Success 


The Boll Weevil Eradication Trial, a cooperative program supported by a 
number of state and Federal agencies and growers, was conducted by the Animal 
and Plant Health Inspection Service, USDA. It was undertaken to determine if 
the eradication of a well established isolated boll weevil population was 
technically and operationally feasible. A mandatory program was instituted 
through a grower referendum. The Trial called for a three year program to 
make this determination. The goal during Year 1 (1978) was to reduce the 
established population to a practical minimum by instituting a well supervised 
inseason cotton insect control program as needed to protect the crop, 
followed by a thoroughly executed spray schedule to reduce the potential 
overwintering population. Several suppression components that were planned 
for Year 2 were designed to eliminate this greatly reduced population through- 
out the Eradication Area. The purpose of the Trial in Year 3 was to determine 
if eradication had been achieved and, if necessary, to eliminate any surviving 
infestations or reintroductions. 

Plans for Year 2 called for the use of sex pheromone traps (infield type) 
at the rate of one trap per acre around 1978 planted cotton fields, to detect 
and define the location of surviving boll weevils, and to assess their relative 
abundance in various portions of the Eradication Area. The infield traps 
were also counted on to contribute to suppression. A second component 
of the Year 2 plan was to apply diflubenzuron (Dimilin®) to cotton fields 
where surviving boll weevils were suspected. The third component 
involved the release of sterile boll weevils in all cotton fields during a 
4-week period beginning at the pinhead square stage to negate reproduc— 
tion of any surviving overwintered boll weevils. All of the suppressive 


measures were focused on the overwintering population, which is a highly 
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vulnerable period for an attack on the pest. 
After the releases of sterile boll weevils were terminated, infield 
traps were installed in all fields at an average of 2 per acre to detect the 


presence of F F> or F. progeny that could have resulted from repro- 


1? 
duction by surviving overwintered weevils following the sterile boll weevil 
releases. These infield traps could also capture possible late emerging 
overwintered boll weevils. Any inseason infestations detected were to be 
eliminated by the application of insecticides. Prior investigations (Lloyd 
et al. 1980; Leggett et al. 1980) have shown that 2 infield traps per acre 
will detect progeny of a single reproducing overwintered boll weevil by. the 
F generation. Even one trap per acre detected progeny in all of 7 experi- 


mental fields by the F, generation. The probability of detecting F 


£ 1 


progeny with 2 traps per acre was calculated to be 94%. The use of infield 
and border field traps permits a determination of the presence or absence of 
low level boll weevil reproduction with virtually 100% certainty which serves 
to guide necessary actions with optimum efficiency and effectiveness. 
Trapping logistics and results (Table 10) provides a measurement for 
evaluating biological success of the trial. 
The program during Year 1 was carried out essentially as planned. 
It involved 5 applications of organophosphorous insecticides, including one 
defoliant treatment, following the regular season control program. The boll 
weevil population was low because of the intensive use of insecticides for 
control of bollworms and tobacco budworms and two successive cold winters. 
The boll weevil population was estimated to be 11,000 adults (based on 
1977 acreage) emerging in 1978. Trapping data during the fall of. 1978 
indicated that a low potential overwintering boll weevil population sur- 


vived the inseason program. This fall population was estimated to 
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be 49,000 boll weevils (or at least 4 per acre on 1978 acreage) up to and in- 
cluding part of the period when 5 diapause control treatments were applied. 
Previous experiments have shown that 99% were prevented from entering over- 
wintering quarters by these diapause control treatments. The colder than 
average winter probably killed 95% of those entering winter quarters. These 
degrees of suppression project 490 weevils entering hibernation in 1978 and 
25 emerging in 1979 which is a reasonable estimate. In 1979, only 7 over- 
wintered boll weevils were captured in 14,676 traps, used at the rate of 1 
trap per 0.85 acre around 1978 cotton fields, which aggregated 12,485 acres. 
The 7 weevils project to a total overwintered population of 15 in the entire 
Evaluation Area based on trap sensitivity at the trap density used in the 
tid: 

In Year 2 (1979), applications of diflubenzuron were made on 400 acres 
of cotton in the Evaluation Area as a security measure. Sterile boll weevil 
releases were also made as planned. A total of 11.2 million sterile boll 
weevils were released averaging 139 per acre each week for 4 weeks. Trap 
capture data indicated that the released boll weevils dispersed well, and 
some 90,000 of the ebony marked weevils were captured in field border traps 
while no native boll weevils were taken during the release period. Based on 
the assumption that the total number of overwintered survivors after releases 
began was well under 100 (calculated 15-25), the overall ratio of sterile to 
native boll weevils would have exceeded 100,000:1. The possibility of even 
one fertile mating in the entire Eradication Area would be remote even though 
the sterile boll weevils are relatively low in competitiveness, as field 
data indicate. Results of the infield trapping phase of the program demon- 


strated the absence of reproduction. No boll weevils were captured in the 








65 


infield traps which were in operation until F. emergence normally would 
occur. Taking into account the very low number of overwintered survivors and 
the high degree of sensitivity of infield traps and subsequent border traps 
for the detection of reproduction, we concluded that there was a probability 
of >0.9983 (see next page) that boll weevil eradication in the trial program 
was achieved by Year 2. In September and October 1979, 2 boll weevils were 
captured in border traps and were assumed to be reintroductions because of 
the location of their capture and because no reproduction was detected by 
infield traps in the Evaluation Area. 

In; 1980; (Year, 3),, all. cotton grown in the Eradication Area was moni- 
tored by the use of early season traps at the rate of somewhat more than 1 
per acre around cotton fields followed by the use of infield traps at the 
rate of 1 per acre during the growing season and followed again by the 
operation of border traps at the rate of almost 1 per acre during the fall. 
In May 1980, a headless boll weevil believed to be carried over the winter in 
a stored trap was found during the first trap inspection. Four additional 
weevils were captured between August 18 and October 28 in migration traps 
just inside the Evaluation Area but distant from cotton fields. Observed 
dispersal of boll weevils from infested cotton Supports the contention that 
these 4 weevils were migrants from outside the Eradication Area. On Septem- 
ber 11, a single adult boll weevil was discovered in a 10 acre cotton 
field just south of the North Carolina/Virginia line approximately 90 miles 
from the nearest known boll weevil infestation. Nine additional boll weevils 
(including one pupa) were subsequently found between September 15 and 24 


in that field which confirmed that reproduction had occurred. These appeared 
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to be the progeny of a single, reintroduced female weevil as developed be- 
low. This population was not considered to be "native." This infestation 
was eliminated by intensive trapping and the application of cultural measures 
including early harvest and stalk destruction. No additional weevils were 
captured after September 24, 1980 until frost, with intensified trapping. 
(See further details in Attachment Giips Lo=16=) 


To determine the level of probability that boll weevils 
were absent between October 1978 and September 1980, the fol- 
lowing analyses were done: Trapping experiments conducted in 
North Carolina during 1978 and 1979 with known populations of 
boll weevils provided the basic data on the relationship between 
trap density and probability of capture when traps are used inside 
the field during the reproductive period. The weevil populations 
were initiated by placing infested Squares into the test plots in 
a manner designed to simulate the egg laying of an overwintered 
female weevil. The probability of a given female weevil being 
captured was defined in equation form as a function of trap 
density and the trap-to-male ratio. The capture of male weevils 
was ignored since an insignificant number of males are captured 
during the reproductive period. The trap-to-male ratio reflects 
both trap density and competition from male weevils. The proba- 
bility of capturing at least 1 female weevil from a population of 
f females over a period of d days was thus expressed as: fd 
P=1~[1-( .0318+ .0381 Ln (traps/acre)+.01218 traps/male ratio)] . : 


In the first analysis, probabilities were calculated (below) 
for capturing at least 1 weevil for the indicated static popula- 
tion levels for indicated trapping periods following introduction 
assuming 1 trap/acre. It was assumed that no reproduction occurred 
in this analysis. 


Trapping period, days 


Total population 10 20 40 80 160 
(male and female) 

Z -36 -59 83 -97 > .99 

4 -54 .79 95 > .99 > .99 

8 “iG -94 > .99 > .99 > .99 

16 -93 > .99 > .99 > .99 > .99 

32 99 > .99 > .99 > .99 > .99 


A more realistic approach is to generate populations of boll 
weevils using a simulation model. The Cotton Insect Management 
(CIM) model (See Attachment B. 17) was used to simulate a crop 
season in the Evaluation Area of North Carolina for the crop years 
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979 and 1980. “Populations of boll weevils were started by 
introducing 2 weevils, assumed to be 1 male and 1 female. Each 
simulation run was made with an introduction of 2 weevils on 
either June 14, June BO; sul ysl or August, 31). Model predictions 
for the total weevils present each day were used to compute the 
probability of capturing at least 1 weevil for the time period up 
until September 1, the approximate date when the infield traps 
were moved to the field borders. The probability of detection 
after the traps were removed to the field borders was ignored 
since capture probability data used in this analysis applies to 
capture of weevils with infield traps. If capture probability 
data were available for border traps, border trapping could be 
included, and would increase the overall probability of detection. 
Finally, the least probable situation of overwintering emergence, 
July 31, was chosen for both years, in that this date is 

about the latest date for boll weevil emergence that is probable. 
The simulations for weevils introduced June 14 and 30, which 
represent more normal emergence from overwintering, gave higher 
probability values. 

The overall probability of detection with this late emergence 
for 1979 and 1980 combined was .9983. The upper and lower 95% 
confidence limits are >.9999 and .8612, respectively. This high 
probability of detection, and the fact that no boll weevil repro- 
duction was discovered between October 1978 and the above men- 
tioned September 11, 1980 infestation, points strongly to this 
infestation being a reintroduction. 

The statistical anaslysis and calculation of the probability 
values presented above were performed with the assistance ofsDes 
Robert J. Monroe, Professor of Statistics at North Carolina State 
University, and Dr. Raymond Heiser, Associate Professor of Statis-—- 
tics at Mississippi State University. 


It should be noted that the success of the trial program was preceded by 
a smaller but equally impressive demonstration of the capability of elimina- 
ting an isolated boll weevil population with technology now available, 
Cotton in Chowan County, N.C., a well isolated cotton growing community, 
where from 300-1,500 acres of cotton were produced during 1977-1978, was 
subjected to a pre-trial program in order to gain experience with the suppres-— 
sive techniques and the operational procedures to be employed in the trial 
program. In the process of carrying out this preliminary program, the 
population was eliminated. Intensive surveillance since July 1978 has not 
detected any infestations in Chowan County. There have been no reintroduc- 


tions into Chowan County and this area, while relatively small, demonstrates 
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the successful use of eradication technology a year earlier than in the 
Evaluation Area. 

Estimates of beneficial arthropod populations have increased during 
the period 1978-1980 in the 3 sample areas included in the Eradication 
Trial. The two ClC-Practice Areas outside the Trial have also demonstrated 
increases in beneficial populations during the same period. In 1980, 
estimates of average beneficial insect populations for July and August 
of 1980 exceeded 17,000 per acre in the Evaluation Area and Chowan County. 
Corresponding 1978 estimates were approximately 6,200 per acre. These two 
Areas also experienced the greatest reduction in insecticide applications 
during the same period. Estimates of average beneficial populations in 
July and August of 1980 in the Buffer Area and Scot land-Robeson Counties of 
14,000 and 10,000, respectively, though increasing, have remained at lower 
levels than the above two areas. 

Average beneficial populations in Cleveland County were higher and 
maintained their levels for a longer portion of the growing season than 
the other 4 areas sampled. Because of 2 severe winters and resulting low 
boll weevil numbers, the inseason application of insecticide was 0 in 1978 
and 1979 (in 1979, .75 treatments were applied for boll weevil diapause 
control). In 1980, 2 of the 4 intensively sampled fields required inseason 
boll weevil insecticide treatments. The two fields receiving insecticide 
treatments experienced significant reductions in beneficial insect levels and 
required 7 treatments for boll weevil and bollworm control. The average 
beneficial populations for the 4 intensively sampled fields was maintained at 
a high level by the elevated counts in the 2 untreated fields. 

Estimates of beneficial arthropod populations have increased in all 


5 sample areas during the 3 years of the Boll Weevil Eradication Trial. 
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Areas experiencing the greatest increases in beneficial populations ob- 
served a corresponding greatest decline in insecticide use. Data on estimated 
numbers of beneficial arthropods in the Evaluation Area and Chowan County 
effectively show these trends. 

Insecticide applications declined in the Evaluation Area and the 
associated CIC area by 88% and by 25%, respectively, during the trial period 
compared to the 1974-1977 pre-program averages. Insecticide applications 
for bollworm decreased by 86% and 54% for the BWE and CIC areas, respectively, 
betweemel9/7 and 1980. In 1980, 41% of the cotton fields in the Evaluation 
Area did not require insecticide application for bollworm control. Five 
insecticide applications for suppression of diapausing boll weevils in 
Year 1 (1978); the use of border and infield pheromone traps, diflubenzuron 
treatments on limited acreage and release of sterile boll weevils in Year 2 
(1979); and season-long monitoring with border and infield pheromone traps in 
Year 3 (1980) were used successfully to eradicate (P > 0.9983) an established 
population of boll weevils from the Evaluation Area in the BWE Trial. There- 
fore, the BWE Trial accomplished its principal objective and was considered a 


technical and biological success. 
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Optimum Pest Mangement Trial 


The Optimum Pest Management (OPM) Trial was conducted by the Mississippi 
Cooperative Extension Service in Panola County, Mississippi, 1978-1980 (see 
Attachment B. 15). Cotton in Pontotoc County, Mississippi, two counties 


to the east, was identified and monitored as a CIC-practice area. 


Technology 


Technological components of OPM, as used by the Mississippi Cooperative 
Extension Service, follow: 

1. All cotton acreage in Panola county along with pheromone trap 
locations were recorded on orthophotoquad maps. Data from phero- 
mone traps and scouting forms were mailed to the MSU Computer Center 
for a weekly printout of population distributions. 

2. Infield and peripheral pheromone traps were used for survey and 
field population estimates with traps installed at about one trap 
per 20 acres in Panola County in 1978, 1979, and 1980. Traps were 
operated in Pontotoc County in 1979 and 1980 by the Research Team. 

3. All acreage of participating growers was scouted at least once a 
week with some scouted twice by consultants or Extension Service 
personnel . 

4. Pinhead square insecticide applications for control of over- 
wintered boll weevil populations were scheduled if needed. 

5. Inseason control was in accordance with guidelines given in the 
Mississippi Cotton Insect Control Guide. 

6. Diapause applications were initiated in Panola County, in September, 
and continued on a 10- to 15-day interval for four applications in 


1978, 1979, and 1980. 
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7. Stalk destruction was encouraged in Panola County as harvest 


permitted. 
Evaluation Criteria 


Performance criteria for OPM follow: (1) maintenance of boll weevil 
and other pest populations below damaging thresholds, (2) maintenance of accept-— 
able levels of beneficial arthropod populations, and (3) acceptable levels of 


pesticide usage and yield. 
Evaluation Methodology 


AR was given the lead responsibility for developing data for the Bio- 
logical Evaluation Team and for conducting research to improve existing, or 
to develop new, techniques which might be used as population suppression 
components in the Trials. This was done by a research team in both Trial 
Areas. 

A prototype operation was conducted in 1977 in Panola and Pontotoc 
counties to develop base line data, to evaluate and refine techniques, and to 
develop procedures which would permit smooth expansion of the program when 
the Trial got underway in 1978. Twenty and ten cotton fields were monitored 
for insect, spider mite, and spider populations in Panola and Pontotoc counties, 
respectively, by the research team. The fields monitored in Pontotoc County 
represent Current Insect Control (CIC) procedures in contrast with intensive 
pest management practices used in the OPM Trial in Panola County. 

In 1978, the number of monitored fields was increased to 64 and 32 in 
Panola and Pontotoc Counties, respectively. The fields were monitored weekly 
with 20 and 10 of those also monitored in 1977, being monitored semi-weekly 


in Panola and Pontotoc counties, respectively. The same procedure was used 


ifs 


in 1979 and 1980. 

Data collection of dynamic crop information began about the last week of 
May when plants were in the pre square stage of growth. “Frelds tere moni- 
tored for boll weevils, bollworms, tobacco budworms, tarnished plant bugs, 
clouded plant bugs, cotton fleahoppers, thrips, cabbage loopers, fall army- 
worms, beet armyworms, cotton aphids, spider Mites, whiteflies, and all 
beneficial arthropods. Populations and damage were converted to a per acre 
basis. Information on the numbers of plants, Squares, blooms, bolls, and 
missing fruiting forms were collected weekly and calculated on a per acre 
basis. Plant height, rooting depth, and main stem nodes were recorded. All 
data taken were coded on Special computer forms and were processed by the 
Mississippi State University Computer Center. 

Static crop information developed for each field included acres planted, 
plant populations, row width, field size, cotton cultivars, peripheral 
ecosystem, insecticide applications, rainfall, and yield information. 

In addition, trapping and field infestation data for all fields in 
Panola County were made available by the Operations group to the Biological 


Evaluation Team. 
Results of Research Team Studies 
eam Studies 


Data concerning boll weevil infestations were obtained for the 4-year 
period, 1977-1980, for Panola (OPM) and Pontotoc (CIC) counties (Figures 33 
and 34 and Attachment E). After the severely cold winter of 1976-1977, boll 
weevil overwintered populations were very low in the prototype” year of 1977, 
as reflected by trap captures of only 4 in May, 12 in June, and 12 in July. 
Population buildup was so low during the cotton fruiting period that control 


measures for the boll weevil, insofar as is known, were not needed in either 
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county. However, the numbers of weevils collected in the pheromone traps in 
late summer and fall--1,888 in August; 18,875 in September; 8,579 in October; 
and 2,388 in November--indicate considerable population buildup. 

The winter of 1977-78, again, was severely cold, and boll weevil survival 
in 1978, the first year of the Trial, was also low. Extrapolation of trap 
captures based on trap efficiency indicated a population of 70,000 boll 
weevil adults on 32,500 acres or only about two per acre for the overwintered 
generation. Population buildup was slow, and only ca. 300 of the 32,500 
acres in Panola County were treated for control of boll weevils. Diapause 
control insecticide applications in September and October were effective in 
reducing the boll weevil population in Panola County, as indicated by lower 
trap captures in the fall, than in Pontotoc County where such treatments were 
not made. This was further indicated in trap captures in the Spring with a 
75% reduction from 1978, 0.8 weevils in 1978 to 0.2 weevils per trap in 1979; 
and 78% below the captures in Pontotoc County in 1979. 

Boll weevil populations increased sooner and in greater numbers in 1979 
than in the previous two years. In Panola County, a few fields required 
treatment for control of the boll weevil and some for combination boll 
weevil/bollworm-tobacco budworm control. In Pontotoc County, all late 
fruiting fields were heavily infested. A few of the fields were treated and 
many should have been treated for control of the boll weevil. These data 
reflect the efficacy of the 1978 diapause control applications. Comparative 
captures in October 1979 in the two counties averaged 5 per trap in Panola 
County and 32 per trap in Pontotoc County reflecting the efficacy of the 
diapause control treatments in the fall of 1979. 

The weather in the winter of 1979-1980 was milder than in previous 


years and favored boll weevil survival. In the spring of 1980, 93% fewer 
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boll weevils were captured per trap in Panola County than in Pontotoc County. 
Because of a dry period, two peaks of boll weevil emergence occurred from 
hibernation sites. However, a pinhead square application of insecticide 

was made in Panola County on only 60 of approximately 40,000 acres of 

cotton. Boll weevil infestations throughout the season were much heavier in 
fields in Pontotoc County than in Panola County throughout the season. MP OE 
August 18, 19 of 64 fields were infested in Panola County with the infestation 
ranging from 1 to 15% punctured squares. In Pontotoc County’, 32 ‘of 32 fierds 
were infested with a range of 2 - 95% punctured squares. The boll weevil 

was a problem, especially in Pontotoc County, despite the drought which was 
not favorable for population build-up. 

In 1977, 1978, and 1980, tarnished plant bug populations were about the 
same in the two counties (figures 35 and 36). They were higher and persisted 
louver in 1979. In Panola County, the OPM Trial had no influence on these 
infestations since a pinhead square application was made on only 60 acres 
in 1980 for overwintered boll weevil control. Such application could have 


reduced tarnished plant bug populations. In Pontotoc County CGI); the 


tarnished plant bug population was severe and persisted longer in 1979 

than in 1978 and 1977 and was somewhat higher than in Panola County. In 

1980, populations in the counk ies were similar to those in 1977 and 1978. 

Clouded plant bug populations occurred in appreciable numbers for the first 

time in both counties in 1978 and increased in numbers in 19797.) in g19S0cee 

they were similar to those that occurred in 1978 (Figures 37 and 38). 
Bollworm/tobacco budworm square and boll damage was Seaike: in the 

two counties, being greater in 1977, 1978, and 1980 than in 1979, and somewhat 

higher in Panola County than in Pontotoc County (Pigtrer 39-42). Apparently, 


OPM program components applied in 1978 and 1979 in Panola County did not 
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result in increased populations since they were similar in 1979 and 1980. 
Fruiting patterns (squares, blooms, and bolls) in Panola and Pontotoc counties 
for 1978-1980 may be noted in Figures 43-48. 

Beneficial insect populations were similar in the two counties in the 
four years. Populations were high in 1977 and moderate in 1978, 1979, and 
1980 (Figures 49 and 50). In all four years, they had considerable impact on 
bollworm-complex populations and especially so in 1978, 1979, and 1980 when 
extension personnel, consultants, and growers became aware of their importance 
resulting from the work of the OPM Research Team in 1977 and thereafter. 
Since beneficial insect populations were similar in 1979 and 1980 to those in 
1978, the boll weevil diapause control treatments applied in the fall of 1978 
and 1979 apparently had no adverse effect on such populations. 

Data on insecticide usage were developed for each monitored field in 
the two counties in Lie 978 1979", “and “9080 and extrapolated for the total 
acreage in each county. Data on acreage and insecticide use may be noted in 
Tables 11 and 12, respectively. 

Usage of both biological materials, Bacillus thuringiensis Cit.) 
and Baculovirus heliothis was light in Panola County in 1977, none was used 
in 1978 and 1980, and only a small amount of B.t. was used in 1979. Neither 
was used in Pontotoc County until 1980, when a small amount of Chen. 
heliothis was used. 

Small amounts of acephate were used in Panola County in 1977 and 1979, 
and only very small amounts of azinphosmethyl were used in 1977 and 1980. 
Very small amounts of both materials were used in Pontotoc County in 1978 
with some azinphosmethyl used in 1980. 

A small amount of chlordimeform was used in Pontotoc County in 1978 and 


1980, and a moderate amount was used in Panola County in 1979 and 1980, 
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mostly in mixture with other compounds. 

Small amounts of chlorpyrifos were used in all three years in Pontotoc 
County with a moderate amount used in Panola County in 1977 and a small 
amount in 1979. Similar amounts of dicrotophos and dimethoate were used in 
1977) 1978 Sand. 1980) in. Panola County with increased amounts used in 1979 
reflecting need for controlling tarnished plant bug populations. Lesser 
amounts of dicrotophos were used in 1977, 1978, and 1979 in Pontotoc County. 

A small amount of Endrin was used in Panola County in 1979 and in 1980. 

Use of EPN in the EPN + methyl parathion mixture was high in Panola 
County in 1977 and decreased by about 70 percent in 1978 and by about 60 
percent in 1979 and 1980. Comparatively small amounts of EPN were used in 
1977, 1978, and 1980 in Pontotoc County. 

Fenvalerate was used in 1978 in Panola County with increased usage in 
both 1979 ‘and .1980,. A small amount aas used in Pontotoc County in 1977. 

Methomyl was used in moderate amounts in Panola County in 1977 with 
a decrease in usage indicated in 1978 and 1979 and a further decrease in 
1980. Small amounts were used in Pontotoc County in 1977 and 1979 with an 
increase in usage in 1980. 

Methyl parathion in mixtures with EPN and toxaphene was used in consider- 
able amounts in Panola County in 1977. Usage decreased in 1978 reflecting 
advent of the pyrethroid insecticides and lower Heliothis spp. infestations. 
Some increase in usage occurred in 1979 and 1980 over 1978 because of lighter 
Heliothis spp. infestations, and growers were inclined to use more economical 
insecticides. Methyl parathion was used in small quantities in all 3 years 
with a slight increase in 1980 in Pontotoc County. 

Monocrotophos was used in small amounts in Panola County in 1977 and 


even in lesser amounts in 1978 and 1979. Small amounts were used in Pontotoc 
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Table 11.--Insecticide use and cotton yield in Mississippi OPM Trial and CAC 


areas in 1977-1980. 


seen Sp a ee 


Year 


1977 
19 7a 


1978 
1978 


1979 
1979 


1980 
1980 


Average number applications 


1/ Lygus Bollworm/ 9 Boll Yield 
County Acres sihrips— bugs tobacco budworm weevil bales/A 
Panola 33 , 000 i OZ» 3.9 16 
Pontotoc 4,500 02.3 0 1.6 The 
Panola 52,000 0.4 Ores 19 13 
Pontotoc 2,800 0.06 0 0.9 ita 
Panola 32 ,000 0.6 0.6 as Te? 
Pontotoc 3,200 0.1 0.0 0.6 ies 
Panola 40 ,000 Ov Ops) Det Or] Ae 
Pontotoc 8,000 Oe! 0 0 Pez 0.9 


— Insecticides used for control of thrips: 


Systemic insecticides - Aldicarb, disulfoton, monocrotophos. 
Foliar insecticides - monocrotophos, dimethoate, dicrotophos, 
toxaphene. 


2/ Insecticide used for bollworm/tobacco budworm-boll weevil control: 


1977: EPN + methyl parathion, EPN + methyl parathion + Bacillus 
thuringiensis, EPN + methyl parathion + methomyl, EPN + methyl parathion 
+ chlorpyrifos, methomyl, methyl parathion, methyl parathion + methomyl 
monocrotophos, monocrotophos + methomyl + B.t., methomyl + Baculovirus 
heliothis, fenvalerate (Pydrin), toxaphene + methyl parathion. 


1978: Permethrin (Ambush, Pounce), fenvalerate, sulprofos, metho- 
myl, EPN + methyl parathion, acephate, chlorpyrifos, methomyl and azin- 
phosmethyl. 


1979: Fenvalerate, fenvalerate + chlordimeform, methomyl, para- 
methrin fenvalerate + methyl parathion, EPN + methyl parathion, EPN + 
methyl parathion + methomyl, EPN + methyl parathion + chlordimeform, 
toxaphene + methyl parathion, acephate, monocrotophos. 


1980: EPN + methyl parathion, EPN + methyl parathion + chlordimeform, 
EPN + methyl parathion + chlorpyrifos, EPN + methyl parathion + permethrin, 
EPN + methyl parathion + pounce + methomyl, fenvalerate, fenvalerate + 
chlordimeform, fenvalerate + methyl parathion, methyl parathion + 
fenvalerate + chlordimeform, fenvalerate + azinphosmethyl, fenvalerate + 
methomyl, permethrin + azinphosmethyl, permethrin + methomyl + azin- 
phosmethyl, permethrin + methomyl, permethrin + chlordimeform, permethrin 
+ methyl parathion, methyl parathion + chlordimeform, toxaphene + methyl 


parathion + methomyl, and Baculovirus heliothis + chlordimeform + 


methomyl. 


78 





eee 














(penutyu0d) 
- rs L9S9T 719 T6LT Oot - - auaydexo] 
L98T SOT 068 9€ 9914 YEZ - - uyiyiemiag 
986 SS 9TE €T 4S € €9LZ OzT soydoj0120UN0H 
BE6ST 968 08792 990T 6€T6 €TS 694TS S€zz uofyzeied [TAyIAW 
ToT 6°2 Z890T ey YLT €04 L804T z19 TAmoyI ay 
LoT9 Lye 8TLE TST 680T 19 - - aje1eTeAUay 
940ZT LL9 OLz2zT 864 8106 OTS 97962 98ZT Nda 
TOT ZS Ose St - - - - uyipug 
Ley 42 Loztt 999 Ell a) 9094 002 aqeoyjauTG 
698€ 81z "SZIl 94 0L6Z LOT 6274 cet soydojo0197q 
= “ 202 8 - - €8Sy 66T soyyzzAd10T yD 
LZot €°08 62ST z9 § - - - wWIOJaMTPIOTYD 
me = - - - - €04 ST (189 Ta) BTFYAOFTSY snzryAoOTNoIeg 
ToT g €ezT "0S - - T9¥ 00% © (tady¢a) GFeuaTsuFinyy ent {poe 
TL9 £2 = = = - OST 9 TAyJousoydufzy 
= ~ SEoT 8S a - GhTy OST azeydaoy 


Ajunog efourg 





@Pp}fofavoeuy 


SPTeTys SPTeFsJ SPLOT SPTOTS 
Aqunoy prA10I Fu Aqunog pa10j Fu Ajunog pe10j fuoy Ajunog ps103 Fuoy 


oxel 6261 8L6T LL6T 
Ted 























fe OS TLOL savas JID pus TeyaL Wado yddysepfesTW UF pven spunod ,eI0} puw -pSPLats Paz03};UuoW UF PIEN BopFIFIVeUT SNoFIBA JO Bpunog Fy 2TqWeL 


19 


‘meiazoid [o1uo05 esnedeyp uz pasn uopzyjesed TAyIeu apntou;z you s20q /Z 
*ATaATIDadsa1 ‘satqunog 90203uU0g pus e[ourd UF Splaty Ze pue 49 /T 


a a a ne a ames ee Pee a 


= oo bs = = sojoidtns 
798 78 6822 912 97 s 408 O€ eueydexoy 
68 Le 04 Vi] T9 €T - - UflYyIouIeg 
a = ve € T8Z 6S - - soydojo1d.0u0W 
ZOLY Loy T82Z STZ TS IT 6TEE 92T uofyiered [ky ay 
T¢8 _ 08 8TZ IZ = = “ss TZ . TAMOY IAW 
- - - ~ - - TZ 6 aqelaTeAuay 
OLL €L ES = Oot VE 8S6T €Z Nda 
a = Sz z 662 €9 Toz 8 soydojo19 qq 
= = 9€Y TY OY 8 OT 9 soz FrAdr0T YD 
96 6 = = £6 02 = = WLOFOMFPIOT YD 
zz z = S = = = = (289Ta) STYIOFTOY enIzAOTHoeg 
SBE Le = = 627 84 - - TAyyomsoyduyzy 
uA 5 = = [ee % - - a .eydsoy 


Aquno) 20303u0g 


VEL TY - - ZTZ 9€T = - sojoidtns 





























Oppo fIoesuy 
SPLOTFS SPTITJ pleats SPTOTZ 
Ajyunoy parzojpuoyy Aqunog paroyzuowy Aqunayg P9103 ,uoY Ajyunop pero} yuoy 
mE So eee! Soe 
O86l 6261 8L6T L£L6T 
ABay 


C—_———_ - — <-> lS eS ee eee eee 


jz OBL LOL “#0018 919 pue [etIL NdO TddyseyeeyHW UE pagn spunod TeI03 pus -ePTeEy PeroIFUoW UF Paen sapfOTIo.asuy enoziea Jo spunog Zh aTaeL 
Z . 


80 


County in 1978 and 1979, 

Permethrin was used in moderate amounts in Panola County in 1978 with a 
decrease in usage in 1979 and an increase in 1980. Permethrin was used in 
small amounts in Pontotoc County in 1978, 1979, and 1980. Considerable in- 
crease in usage of toxaphene in 1979 over 1978 occurred in Panola County. 
Small amounts were used in Pontotoc County in 1977, 1978, 1979. and 19802 

A small amount of sulprofos was used in 1978 in Panola County. 

In summary, an overuse of insecticides probably occurred in Panola 
County in 1977. Better management of insect populations in 1978 and 1979 had 
considerable influence in reducing the use of insecticides in 1978 and 1979. 
A noticeable shift to the EPN or toxaphene plus methyl malathion mixtures 
occurred in 1979. In 1980, the addition of ovicides such as chlordime form and 
methomyl to other insecticides or mixtures of insecticides was apparent. 
Azinphosmethyl was added to pyrethoids in many instances for boll weevil 
control. 

Estimated yields based on Biological Evaluation sample fields were 


as follows: 


Panola County Pontotoc County 


tear Na. Fields Avg. 1b. lint No. Fields | Avg. jlb. Tint 
LOU 20 776 10 615 
1978 54 625 27 538 
1979 58 559 SZ 574 
1980 64 586 33 430 


Yields were at acceptable levels with delays in fruiting by plant bugs in 1979 
being offset by favorable fall weather. Boll weevils reduced yield in Pon- 


totoc County in 1979 and especially so in 1980. 
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WEEVIL PUNCTURES, PANOLA CO. 1977-1982 
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Fig. 33. Comparative, seasonal, per acre boll weevil punctured squares in Panola County, MS. 
1977, 1978, 1979, & 1980. 


WEEVIL PUNCTURES, PONTOTOC CO. 1977-1980 


12588 


N 
0 192890 
P 
E 
R 7580 
A 
Cc 
R 
E 





JUNE JULY AUG SEPT 


Fig. 34. Comparative, seasonal, per acre boll weevil punctured squares in Pontotoc County, MS. - 
1977, 1978, 1979 & 1980. 
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PLANT BUG, PANOLA CO. 1977-1982 
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Fig.35. Comparative, seasonal, per acre tarnished plant bug populations based on D-Vac® samples in 
Panola County, MS. - 1977, 1978, 1979, & 1980. 


PLANT BUG, PONTOTOC Co. 1977-1988 
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Fig.36. Comparative, seasonal, per acre tarnished plant bug populations based on D-Vac® 
samples in Pontotoc County, MS. - 1977, 1978, 1979 & 1980. 
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Rig aieo is Comparative, seasonal, per acre clouded plant bug populations based on D-Vac® samples in 
Panola County, Ms. - 1978, 1979 & 1980. 


CLOUDED PLANT BUG, PONTOTOC CO. 1978-1989 
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Fig. 38. Comparative, seasonal, per acre clouded plant bug populations based on D-Vac® samples in 
Pontotoc County, MS. - 1978, 1979, &1980. 
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BOLLWORM DAMAGED SQUARES, PANOLA CO. 1977-1988 
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Fig. 39. Comparative, seasonal, per acre Heliothis spp. damaged squares in Panola County, MS. - 
1977, 1978, 1979 & 1980. 

















BOLLWORM DAMAGED SQUARES, PONTOTOC CO. 1977-1980 
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Fig.40. Comparative, seasonal, per acre Heliothis spp. damaged squares in Pontotoc County, MS.- 
1977, 1978, 1979 & 1980. 
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Fig. 41. Comparative, seasonal, per acre Heliothis spp. damaged bolls in Panola County, MS. - 
1978, 1979, & 1980. 


BOLL DAMAGE, PONTOTOC CO. 1978-19828 
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Fig.42. Comparative, seasonal, per acre Heliothis spp. damaged bolls in Pontotoc County, MS. - 
1978, 1979, & 1980. 
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Fig.43. Comparative, seasonal, per acre average number of squares in Panola, MS. - 
1977, 1978, 1979 & 1980. 


Soe aS PONTOTOC CO. 1978-19828 


2.9 


OFZ 


Amv 











MANDY 





JUNE JULY AUG SEPT 


Fig. 44. Comparative, seasonal, per acre average number of squares in Pontotoc County, MS. - 
1977, 1978, 1979 & 1980. 
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BLOOMS, PANOLA CO. 1978-1988 
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Fig. 45, Comparative, seasonal, per acre average number of blooms in Panola County, MS. - 
1978, 1979, & 1980. 
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Fig. 46. Comparative, seasonal, per acre average number of blooms in Pontotoc County, MS. - 
1978, 1979, & 1980. 
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Fig. 47. Comparative, seasonal, per acre average number of bolls in Panola County - 
1978, 1979 & 1980. 
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Fig. 48, Comparative, seasonal, per acre average number of bolls in Pontotoc County, MS.- 
1978, 1979 & 1980. 
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TOTAL BENEFICIALS, PANOLA CO. 1977-1989 
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Fig. 49, Comparative, seasonal, per acre total beneficial arthropod populations based on 
D-Vac® samples in Panola County, MS. - 1977, 1978, 1979 & 1980. 
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Fig. 50. Comparative, seasonal, per acre total beneficial arthropod populations based on 
D-Vac® samples in Pontotoc County, MS - 1977, 1978, 1979 & 1980. 
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Evaluation of Biological Success 

The Optimum Pest Management (OPM) Trial was conducted in Panola County, 
Mississippi, under the supervision of the Mississippi Cooperative Extension 
Service and supported by several other state and Federal agencies. The OPM 
Trial was undertaken to compare area-wide management of the boll weevil and 
other cotton insects with a Current Insect Control (CIC) practices program, 
with the Boll Weevil Eradication (BWE) Trial, and with other options under 
consideration for beltwide implementation. Both trials were three-year pro- 
grams (1978-1980) with 1977 as a base line year. Pontotoc County, Missis-— 
sippi, was selected to represent a typical CIC program. 

The objective of the OPM Trial was to demonstrate the operational capa- 
bility, as well as test the technical components, of an area-wide cotton 
insect management program which maintains boll weevil populations below 
damaging levels by using insecticide applications late in the season for 
suppressing the numbers of diapausing boll weevils. Cooperation by cotton 
producers in the OPM area was voluntary, but incentives made participation 
desirable. By suppressing the boll weevil population with 4 diapause in- 
secticide applications during September and October, the need for inseason 
insecticide treatments the next year was delayed through the period when 
use of insecticides would create the greatest disruption of beneficial 
arthropods. These disruptions can induce outbreaks of bollworms and tobacco 
budworms. Diapause insecticide applications were paid for with USDA funds 
and administered by the Mississippi Cooperative Extension Service. 

Highly trained Extension pest management specialists actually con- 
ducted the OPM Trial. In addition to implementing the technical components 
of the Trial, they provided assistance to growers, consultants, aerial 


applicators, and others involved in related activities. Grower participation 
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required that their cotton be scouted weekly and a report filed with the 
Extension Service. Growers had the option of scouting the crop themselves, 
using private consultants, or employing scouts provided by the Panola County 
Extension Pest Management Society. Whatever the case, the Extension pest 
management specialists provided the training through pre-season workshops and 
follow-up training throughout the season. Panola County growers participated 
at the rate of 98.7, 99.6, and 99.7% of their acreage for 1978, 1979, and 
1980, respectively. 

In addition to diapause boll weevil control and regular scouting, and 
use of boll weevil pheromone traps were used to survey the weevil popula- 
tions. Approximately 1,500 peripheral (border of the field) pheromone traps 
were operated between April 15-July 15 at a ratio of 1 trap to 20 acres 
of cotton each year of the trial to survey individual fields for possible 
damaging weevil infestations. Cotton growing areas within Panola County 
which showed an average trap capture of 45 weevils per trap per week during 
May were designated as possible candidate areas for the pinhead square 
application. During the entire 3-year program, only 57 acres needed a pinhead 
Square application. These infestations occurred during the final year close 
to the county border and near cotton not included in any of the suppression 
efforts. 

The pheromone trapping was continued during the fall as an additional 
monitoring activity. Since all fields were automatically treated for dia- 
pausing weevils, the fall trap catches were not used to make control recom—- 
mendations. 

Through the use of diapause applications and precise monitoring of 
boll weevil activity with pheromone traps, significant weevil suppression 
was attained. In the spring of 1979 and 1980, weevil captures in traps were 


78 and 94% lower, respectively, in Panola than in Pontotoc County. 
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Inseason control utilized natural control factors for the management 
of pest species with emphasis on conservation of beneficial arthropod 
species. Most of the time, natural control agents effectively regulate 
bollworm and tobacco budworms during their first and second generations 
in cotton if disruptive insecticide treatments are not applied. Of course, 
the scouting program closely monitored pest population levels, and treatments 
were recommended when thresholds were exceeded. Insecticide applications in 
Panola County for control of bollworms/tobacco budworms during the growing 
season averaged 3.3 per season during the 3-year program as compared to 8.6 
applications per season for the 3 years prior to the program. An overuse of 
insecticides probably occurred in Panola County in 1977 prior to the OPM 
program. 

Beneficial insect populations were similar in the two counties during 
the four years. Beneficial insect populations received much more consider- 
ation from consultants and growers after they became aware of the OPM 
Research Team work in 1977. Since most beneficial arthropod populations 
were similar in 1979 and 1980 to those in 1978, the boll weevil diapause 
control treatments applied in the fall of 1978 and 1979 apparently had 
little adverse effect on such populations developing in cotton the following 
year. 

The OPM Trial provided an opportunity to test the value of the collective 
efforts of many agencies and groups working together to suppress and manage 
insect populations on an area-wide basis. The presence and efforts of 
well-trained Extension pest management specialists within the Trial area 
working closely with producers, private consultants, aerial applicators, 
county Extension personnel, and others, resulted in a unified effort by all 


the cooperators. 
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Diapause boll weevil control, combined with the use of boll weevil 
pheromone traps for survey, regular scouting, and early-season insecticide 
applications only as needed, prevented the need for mid-season insecticide 
applications for the boll weevil. Therefore, the OPM trial accomplished 


its objective and was considered to be a technical and biological success. 
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CONSIDERATIONS FOR BELTWIDE BOLL WEEVIL MANAGEMENT PROGRAMS 
Estimated Biological Impacts in Mississippi and North Carolina 


Current Insect Control (CIC) practices for cotton insect management to 
a large degree depend upon the use of insecticides to protect growers from 
major losses due to insects. Alternative insect management approaches 
are under consideration because: (1) Non-target organisms such as bees, 
ants, birds, insect predators, and parasites, etc., are adversely affected by 
repeated insecticide treatments; (2) Potential pests are sometimes elevated 
to pest status by the elimination or reduction of natural control agents 
by repeated insecticide applications. (In much of the Cotton Belt, Heliothis 
spp. on cotton are often elevated to major economic pest status due to 
insecticide applications for boll weevil control, according to Ewing and Ivy 
1943, and Newsom and Smith 1949); (3) The repeated use of insecticides may 
result in the target pest developing resistance to the insecticide. (Helio- 
this virescens became a major pest in some areas due to resistance to organo- 
phosphate insecticides according to Harris 1972); (4) Current Insect Control 
practices require the perpetual year-in/year-out application of insecticides. 
(This has major long-range adverse environmental implications [Carson 1962]). 

One alternative to CIC practices presently under consideration, not 
requiring annual applications of insecticide for the boll weevil, is beltwide 
Boll Weevil Eradication (BWE). A second alternative requiring annual, 
carefully timed insecticide treatments to suppress diapausing boll weevil 
populations on an area-wide basis is the Optimum Pest Management (OPM) 
approach. A BWE Trial was conducted in northastern North Carolina and 
southeastern Virginia in 1978, 1979, and 1980. An OPM Trial was conducted 


simultaneously in Panola County, Mississippi. 
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The results of the BWE and OPM Trials are found above and in Attachment 
C and B. 15, respectively. The native boll weevil population, at a probabil- 
ity of >0.9983, was eradicated from the N.C. Trial Evaluation Area in 1979- 
1980. The OPM Trial in Mississippi reduced boll weevil population to 
sub-economic levels during the early fruiting stages of the cotton plant. 
During this period, beneficial arthropod populations were not disrupted 
by insecticidal treatments for weevils, allowing parasites and predators to 
provide natural control for Heliothis spp. 

The anticipated major benefits from BWE are the long-term reduction 
in the need for insecticide treatments to control cotton insects and the 
subsequent increase in yields resulting from decreased losses to boll 
weevil and bollworm. A reduction in insecticide applications and increased 
yields are anticipated with OPM though not to the extent as with BWE. A 
perpetual need for chemical insect control is implied in OPM. 

The insecticide use patterns associated with the biological evaluation 
sample fields in the North Carolina BWE and the Mississippi OPM Trials 
and the two CIC areas associated with both Trials are presented in Table 13. 
Pre-program averages for insecticide applications were 9.9 and 11.1 for 
the BWE and CIC areas, respectively, in North Carolina (Attachment B. 19). 
Expert opinion indicates 7.4 and 8.7 insecticidal treatments per acre would 
be the 10-year averages in the BWE and CIC areas of North Carolina (Appendix 
H to Overall Evaluation Report). An 88% reduction occurred in the numbers 
of insecticide treatments in 1980 compared to preprogram average in the BWE 
Trial Area. A corresponding 25% reduction occurred in the CIC area of North 
Carolina (Table 13). For this same period, a farmer survey indicated an 89% 
reduction in the BWE and 39% in the CIC areas in North Carolina (Attachment 
Belo )e 


An average of 6 insecticide treatments per acre, including 4 boll 
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weevil diapause treatments, were applied in the Mississippi OPM Trials 
(Table 13). The accompanying CIC area averaged 1.2 treatments for the 

same period. The number of insecticide applications in the CIC area in 
Mississippi was lower than in the OPM area for several reasons. Beneficial 
arthropod populations were approximately 50% higher in the CIC area than 

in the OPM area, thus greater natural control was provided in the CIC area. 
Another important factor was that growers in the CIC area were willing to 
tolerate more insect damage than in the OPM area. 

The major differences in the number of insecticide applications within 
the BWE and OPM trials occurred after insecticide treatments for the boll 
weevil were no longer required in the BWE area of North Carolina (Table 1308 
The number of insecticide treatments declined to 1.2 in the BWE by Year 
3 of the trial but remained approximately 6 in the OPM Trial. 

The interaction between the reduction in insecticide applications 
associated with the eradication of the boll weevil and the accompanying 
increase in the population of beneficial arthropods are essential factors 
in evaluating the benefits of BWE compared to OPM or CIC. 

Biological evaluation data were collected from 5 areas in North Carolina 
as described above and in Attachment E. 

The last insecticide applications for boll weevil in Chowan County 
and the Evaluation Area occurred in 1978 and 1979, respectively. Based 
on biological evaluation data (Attachment E, Table 6), insecticide 
applications in the Evaluation Area and Chowan County decreased from 9.9 to 
1.2 and from 10 to 0.64, respectively, between 1978 and 1980. Within the 
same period, average weekly populations of beneficial arthropods in July and 
August increased from 6,289 to 17,070 in the Evaluation Area and from 6,191 


to 18,227 in Chowan County (Figure 51 this report). Of those fields sampled 
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during 1980 in the Evaluation Area and in Chowan County, 41 and 60%, respec- 
tively, required no insecticide treatments for bollworm. Evaluation Area 
fields receiving insecticide treatments required an average of 2 applications. 
Once broad-spectrum insecticides are applied, damageable fruit must be 
continuously protected by additional insecticide treatments until the insect 
threat is past or the fruit is matured. 

In Cleveland County, North Carolina (CIC area), beneficial arthropod 
populations (Figure 51) in those fields sampled twice weekly, averaged 
approximately 18,000 per week during July and August for the 3-year period. 
Insecticide treatments for bollworm were zero in 1978 and 1979. However, in 
1980, two of the sampled fields received insecticide treatments for boll 
weevil during the early fruiting stage (July 16). Subsequently, 6 additional 
treatments for boll weevil and bollworms were applied. Bollworm damage in 
these two fields were more than 4 times as great as in untreated fields in 
Cleveland County. Beneficial populations were near zero throughout the 
period of insecticide treatments in the treated fields. 

The number of insecticide treatments applied in the Buffer Area and 
in Scotland-Robeson counties has declined somewhat between 1978 and 1980 
(Attachment E, Table 6). This reduction is due, in part, to the shift from 
organophosphate insecticides to synthetic pyrethroids and the accompanying 
increase in application intervals. Beneficial arthropods have also increased 
during the same period (Figure 51) but not to the levels in the Evaluation 
Area and Chowan County. 

The ability of beneficial arthropods to reduce the economic importance 
of bollworm in the relatively insecticide-free environment provided by BWE 
was illustrated in North Carolina. Much of the insect control needed to keep 


bollworm damage at subeconomic levels for 1979 and 1980 was provided by 
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beneficial arthropods in the Evaluation Area and in Chowan County, and for 
1978, 1979, and 1980 in Cleveland County. 

According to Carlson and Suguiyama (Attachment B. 19), "analysis 
of various data sets has not been able to directly measure effects of early 
season weevils on yields." However, they reported for North Carolina, "one 
indirect measure of yield effects from weevil removal is the effect of 
delayed insecticide application on yields." Based on the analysis of 38 
experiments conducted at Rocky Mount, N. C., by the North Carolina State 
University, "each ten-day delay in treatment initiation increases yields by 
about 70 pounds of lint cotton." 

Weather, soil, fertilization, and cultural practices generally have 
more impact on yield than factors associated with BWE, OPM, or CIC methods of 
insect control. Through simulation modeling, Simpson and Parvin (Attachment 
B. 18) projected the effects of these three insect control tactics on 
yield (Table 14). The OPM-BWE strategy in Mississippi results inva’ 24-31] 
pound increase in lint cotton over CIC. The OPM-BWE strategy in Mississippi 
approximates the BWE program in North Carolina. The OPM option was not 


projected to North Carolina. 
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Table 14.--Estimated per acre cotton lint yield increases by region and by 


strategy for Mississippi. 
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Inputs into Estimated Beltwide Biological Impacts of Alternative Programs 


Information obtained sepa by BET from the North Carolina BWE 
and Mississippi OPM Trials, along with additional information from other 
sources, was utilized in a Delphi process to evaluate the impact of possible 
beltwide implementation of several insect Management programs. The Delphi 
questionnaire, developed with the assistance of the BET, assessed insect 
control costs and cotton yield for the 35 boll weevil infested sub-regions of 
thes. so. Cotton Belt. 

The Delphi approach provides for systematic collection of information 
from experts. It involves a high degree of intuitive judgment based on 
experience and other insights. A resource group (Appendix H, Delphi Results), 
including among others 8 BET members and consultants possessing exper- 
tise in various aspects of cotton insect management, was organized to provide 
additional information to the panel of experts participating directly in the 
Delphi process. This resource group assisted Delphi panel members by clarify- 
ing and by providing followup analysis of the interim Delphi results. 

Considerable background resource information was prepared by BET and 
made available to Delphi panel members for technical areas having significant 
impact on insect control costs and yields. The following specific information 
was provided: 

1, Cotton varieties - Modified cotton cultures, including the use of rapid 
fruiting and/or insect resistant varieties, offer considerable potential 
for reducing losses due to insects (Attachment B. 4). 

2. Projections on the average percentage of cotton acreage for each of the 


35 sub-regions in an average climate year that would need to be included 
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under OPM with fall diapause treatments to maintain the boll weevil as a 
sub-economic pest (Appendix H). 

3. Effectiveness of pyrethroids against the boll weevil (Attachment B. 10). 

4. Effects of predators on the bollworm and tobacco budworm (Attachment B. 
si 

5. The dollar value of beneficial insects on cotton (Attachment B. 5). 

6. Estimates of the effects of alternative management programs on cotton 
yields and insect control (Beatriz Escara 1979, M.S. Thesis, Mississippi 
State University, Mississippi State, MS). 

7. Conceptual yields and insecticide use (based on simulations) from North 
Carolina (G. H. McKibben, E. P. Lloyd, unpublished). 

8. Use of simulation modeling for estimating impacts of alternative insect 
control strategies on yield and insecticide use (G. H. McKibben and W. A. 


Dickerson, unpublished). 
Extrapolation of Technology Beltwide 


The OPM and BWE Trials have been judged to be technical and biological 
successes, i.e., in the OPM Trial no inseason applications of insecticide 
were required for boll weevil control, and in the BWE Trial "native" boll 
weevils were eradicated from the Evaluation Area with a probability level 
of >0.9983. Moreover, certain of the procedures used in these Trials should 
be generally acceptable beltwide, at least in principle, for instance, (1) 

99 to 100% participation by producers, i.e., total population management, (2) 
more intensive monitoring with traps and by field inspection, (3) elimination 
of the use of broad-spectrum insecticides for inseason control of boll 

weevil, (4) conservation of populations of natural enemies, and (5) reduction 


in amounts of insecticide used for control of bollworms and budworms. But 
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there are some uncertainties associated with beltwide extrapolations, particu- 
larly in regard to the adequacy of proposed barrier zone(s) set up to prevent 
reentry of boll weevils. For instance, between-season survival of the boll 
weevil is altered in this zone which grows the only U.S. cotton in a subtrop- 
ical environment. Hibernation may not be required, and at least two alternate 
hosts- unique to U.S. distribution of the boll weevil occur here. These 
factors have been studied and may not cause complications. 

The various survey and suppression technologies tested in Trials would 
likely require some modifications in different areas of the Cotton Belt 
because of the existence of different environments and different cultural 
practices. However, the availability of a highly sensitive detection and 
monitoring system using pheromone traps, even at the lowest population level 
at which reproduction occurs, provides a means of employing available boll 
weevil suppression methods promptly and in a highly efficient manner. Thus, 
there is no reason to believe that the various technologies used in the 
Trials would be any less effective in other weevil infested areas of the 
Cotton Belt, with the possible exception of south Texas, than they were in 


the Trial areas, if these technologies are properly applied. 
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GLOSSARY 


The following terms are defined as used in the boll weevil/cotton 
insect management programs. 


Adult. The mature arthropod life stage. 


Arthropods. Those animals possessing a segmented body, bilateral symmetry, 
paired jointed appendages usually terminating in claws, chitinous exo- 
skeleton, ventral nervous system and dorsal heart. 


Beneficial insects. Those insects that predate or parasitize pestiferous 
arthropods. 


Boll Weevil Eradication Trial (BWET) conducted in southeastern Virginia and 
northeastern North Carolina from 1978-1980. 


Current Insect Control (CIC). Insect control as now practiced by individual 
producers with the current level of Extension education funding and private 
consultant services. 


Current Insect Control with Boll Weevil Eradication (CIC-BWE). Assumes a 
boll weevil eradication program has been implemented and the Extension 
Education program is funded at the current level. 


Control. To check or regulate, to keep within limits. 


Diapause. A physiological condition which enables boll weevils to survive the 
winter or other adverse, between-cotton season conditions. This condition 
in the boll weevil is recognized by an increase in fat bodies and by atrophy 
of gonads. 


Insects. Hexapods...those arthropods that possess 3 pairs of legs and 3 body 
segments. 


Larvae. The immature stages, between the egg and pupa, of an insect having 
complete metamorphosis. 


Modified Optimum Pest Management (MOPM). Funds for increased Extension 
education are included as a component to facilitate the transfer of new 
technology to individual growers. 


Native boll weevils. A population of boll weevils established in a geo- 
graphic area over one or more cotton seasons and overwintering success-— 
fully in that area. 


Optimum Pest Management (OPM). Insecticide treatments applied for suppres- 
sion of diapausing boll weevils in the fall and early season insecticide 
treatments as needed in an area-wide program to prevent damaging levels of 
boll weevils from developing prior to onset of pressure from Heliothis 


spp. 


Oviposition. The depositing or laying of eggs by an arthropod. 


a rs ee ee ge eo aes ~ 
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Parasites. Those arthropods that live in or on the body of another arthro- 
pod (its host), at least during part of its life. 


Pheromone. Substances that are secreted by an animal to the outside and 
cause a specific reaction in a receiving individual of the same species. 
The boll weevil pheromone causes a sexual attractancy of the female to the 
male. It also is an aggragating stimulus. The artificial boll weevil 
pheromone is known as grandlure. 

Pinhead square. Cotton bud too small to support boll weevil reproduction. 


Predators. Those arthropods that attack, kill and consume other arthropods. 


Pupa. The stage of development between the larva and the adult in insects 
with complete metamorphosis...a non-feeding and usually inactive phase. 


Simulated. Data generated by mathematical or computer models which is a 
representation of the actual real world event. 


Spider. An arthropod possessing 2 body segments (the abdomen and cephalo- 
thorax), 4 pairs of legs, an unsegmented abdomen, spinnerets and the anten- 


nae modified into organs of prehension. 


Stalk destruction. To mow or cut the plant material remaining in the 
cotton field after harvesting. 


Technology. The entire body of methods and materials used to achieve an 
objective. 


Uniform planting date. Planting a crop in a community as close as possible 
to a given date. This is done to avoid field of widely varying phenology 
which can concentrate pest on those areas in the most desirable condition. 

Zero native boll weevils. No boll weevils in an area other than those that 


may have migrated in from another area during the current cotton growing 
season. 


ABBREVIATIONS 


BET. Biological Evaluation Team. 

BWE. Boll Weevil Eradication. 

BWET Boll Weevil Eradication Trial. 

CIC. Current Insect Control. 

CIC-BWE. Current Insect Control with Boll Weevil Eradication. 

MOPM-BWE. Modified Optimum Pest Management with Boll Weevil Eradication. 
OPM. Optimum Pest Management. 


OPM-BWE. Optimum Pest Management with Boll Weevil Eradication. 
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ATTACHMENT A 


BIOLOGICAL EVALUATION PLAN 
FOR 


ALTERNATIVE BELTWIDE COTTON INSECT MANAGEMENT PROGRAMS 


OBJECTIVES 


A. To evaluate the degree of biological success of the Optimum Pest Man- 
agement (OPM) Trial and the Boll Weevil Eradication (BWE) Trial. 

B. To develop the relationships of the detrimental and beneficial 
cotton arthropods to the environment, cultural practices, needs for 
insecticide applications, and resulting yield within the trial and 

adjacent areas. 

C. To measure the impact under Current Insect Control (CIC), OPM, and 
BWE of the boll weevil, bollworm/tobacco budworm, and predators and 
parasites on insecticide usage and cotton yield in North Carolina and 
Mississippi. 

D. To provide inputs needed to assist in the estimation of beltwide 
biological impacts of alternative boll weevil/cotton insect manage- 


ment programs, by regions. 


SCOPE AND MAJOR COMPONENTS 


In order to meet the objectives listed above, the Biological 
Evaluation Team (BET) will critically examine representative cotton 
fields from each of the trial areas (OPM and BWE) and from some nearby 
areas not included in the trials (CIC). Information gathered will 
include topography, soil type, and fertility conditions; surrounding 
habitat; weather data; crop history and plant growth characteristics; 
chemical applications; arthropod pest infestations; and counts of 
beneficials and other insects. Data collected on infestations in all 


fields within the trial areas by Mississippi Cooperative Extension 
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Service sponsored scouts in Panola County, Mississippi (OPM) and by 
APHIS personnel jin North Carolina (BWE) will be reviewed and analyzed 
by BET. 

Close attention will be given to interpreting boll weevil population 
counts, identifying sterile vs. wild weevils, interpreting long-range 
dispersal, and pinpointing sources of origin. The ae effects 
of the trials (immediate and long-range) on damage by other pests 
will also be considered (Objective A). 

Arthropod populations within the cotton fields will be considered 
as dynamic communities. Data obtained on populations from direct 
observations and special sample techniques will be utilized to make 
recommendations on better pest and beneficial Management schemes 
(Objective B). 

The impact under CIC, OPM, and BWE on populations of the boll 
weevil, bollworms, and selected beneficials and the resultant effect on 
cotton yield and pesticide use (Objective C) will be specifically 
addressed with use of simulation models. 

The timetable for estimation of beltwide impact has not been 
completely defined; however, some ideas of BET on joint responsibility 
are mentioned in "IV" below (Objective D). 

In summary, the major components of the Biological Evaluation 
plan include biological evaluation of the trials, biological impacts of 
the trials in comparison with CIC, and estimation of beltwide biolo- 
gical impacts of alternative cotton insect management programs. 

Major responsibilities include: 

A. Develop analytical framework/model for technical evaluation of BWE 
and OPM. 

B. Develop analytical framework/model to estimate the effect of OPM 


‘ 
and BWE on insecticide use and yield for comparison with CIC 
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C. Collect biological data in trial areas and CIC areas for techni- 
cal evaluation of ini and to validate trial area model for 
annual and three-year trial area evaluations. 

D. Define CIC with assistance from EET and develop detailed biolo- 
gical specifications for the selected production subregions. 

E. Conduct annual and three-year impact analysis and evaluation of 
data’ in- trial areas. 

F. Prepare quarterly, annual and final reports of results of bio- 
logical evaluations. 

PERFORMANCE CRITERIA 

The BET will base its evaluation of the results of BWE on (1) an 
expected 10 percent or less of the trial acreage being infested by 
boll weevil during the second year with population levels on that 
acreage reduced to 3 or less weevils per acre; (2) zero native boll 
weevil infestations in the Trial Area after July 15 of the third year 
of the program operations, as determined by trapping survey and other 
available methods; (3) acceptable levels of bollworm and beneficial 
populations, and (4) acceptable levels of pesticide usage and yield. 

The BET will evaluate OPM based on (1) maintenance of boll weevil 
and other pest populations below damaging thresholds; (2) maintenance 
of acceptable levels of beneficial arthropod populations, and (3) ac- 
ceptable levels of pesticide usage and yield. 

AGENCY RESPONSIBILITIES 

Two Research Teams (SEA and SAES cooperating), one in North 

Carolina and one in'’Mississippi, have been identified. These teams 

will collect the specific data required primarily for biological eval- 

uation. Special consultants have also been identified and a cooper- 
ative agreement with Mississippi State University, Department of Ag- 


ricultural Economics, privides the simulation modeling effort. 
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Compatible programs are being developed for storage and handling 
of operation and evaluation data in the North Carolina State Univer- 
sity computer for the BWE Trial and in the Mississippi State Univer- 
sity computer for the OPM Die 

BET will assist in collecting data by regions on changes in cotton 
plant /arthropod pest relationships and relative value of beneficial 
populations. Region-wide data available from Spray groups, aerial 
applicators, gin Operators, farmers, farmer organizations, or in any 
way involving extensive Survey by questionnaires will not be considered 
a direct BET responsibility. BET will assist in phrasing questions 
which have biological implications and interpreting the answers re- 
turned on questionnaires. BET will also assist in locating by regions 

‘the individuals most knowledgeable of CIC and will join with EET to 


interview these experts. 
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ATTACHMENT B 


COTTON INSECT MANAGEMENT WITH SPECIAL REFERENCE TO THE BOLL WEEVIL 
(a technical monograph in preparation) 


Edited by 
Re be Ridgway, Eo oP. Lioyd, and W. HierGross 


The following chapters of this technical monograph are in peer review 
process. If you have specific need of any of the material covered before 
publication, please contact the individual authors. References in the 
Biological Evaluation Report to "B.1" etc indicate these chapters as numbered 
below. 


PainEroduction 


hae The Evolution of Cotton Insect Management 
R. L. Ridgway and E. P. Lloyd 


2s The Cost of Insecticides Used on Cotton in the United States 
BE. Se Cookes* Jr .tand? Die We Parvin ore 


Ss Ecology of Cotton Insects: Special Reference to the Boll Weevil 
Wer Ha Cross 


Il. Suppression Components 


4. Host Plant Resistance and Modified Cotton Culture 
L. N. Namken, M. D. Heilman, J, N. Jenkins, and 
PsA. Milder 


3% Entomophagous Arthropods 
J. R. Ables, J. L. Goodenough, A. W, Hartstack, and 


R. L. Ridgway 


6s Microbial Agents 
Marion R. Bell 


he Boll Weevil Sterility 
James E. Wright and Eric Villayaso 


8. Pheromone for Survey and Detection 
Belews lovd, 4. i. Mekipben, J. Ek. Leggett, and 
A. W. Hartstack 


Sie Insect Growth Regulators 
Dee eel eek. saples, and Ky P. Lloyd 


LOL. Insecticides for Control of Cotton Insects 
Cepek Parencia, lyk. Pirimmer, and A. R, Hopkins 
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III. Support Components 


Lue Mass Rearing: Boll Weevils 
J. G. Griffin, P.: Pia Sikorowski,s.and 0. He Lindig 


28 Sampling Arthropods in Cotton 
James W. Smith, Willard A. Dickerson, and 
William P. Scott 


13% Cotton Insect Losses 
PeeaH., Schwartz 


14. Models for Cotton Insect Pest Management 
A. Wo Hartstack and J. 7A. Witz 


IV. Alternative Programs 


Alb 4 Optimum Pest Management in Mississippi 
J. L. Hamer, G. Andrews, R. Seward, D, F. OUTS 5 ood Ci 
and R. Head 


16. An analysis of Technology Available for Eradication 
of the Boll Weevil 
E. F. Knipling 


17. A Cotton Insect Management Simulation Model 
L. G. Brown, R. M. McClendon, and J, W. Jones 


HES The Impact on Producer Income of Alternative Cotton 
Insect Management Strategies in Mississippi 
D. W. Parvin, Jr. and E. H. Simpson 


Heh Economic Evaluation of North Carolina Cotton 
Insect Control Options, 1978-1980 | 
G. A. Carlson and Louis Suguiyma 


V. Future Prospects 


205 Oportunities for Improving Cotton Insect Management 
Programs and Some Constraints on Beltwide Implementation 
R. E. Frisbie, J. R. Phillips, W. R. A. Lambert, and 
H. B. Jackson 
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ATTACHMENT C 


The Boll Weevil Eradication Trial 
Milton Ganyard, Justin Dillier and J. R. Brazzel 


SUMMARY 


The native boll weevil population was eliminated in July of 1979 in the 
evaluation zone. A total of 6 isolated boll weevil captures and one local- 
ized reinfestation of 10 boll weevils have occurred since that time. Isolated 
captures may continue to occur, However, no suppression activities are 
planned in the evaluation zone unless there is evidence of a need to eliminate 


a localized reinfestation, 


Growers in the evaluation zone reduced the number of insecticide applications 
required for other insects (primarily bollworm) from an average of 7.5 a year 
in 1974-77 to 3.5 in 1978, 2.2 in 1979 and 1.2 in 1980. Total applications 
for all insect pests during 1974-77 averaged 10 per year. This reduction of 
insecticide use is due to (1) removal of the boll weevil from the system, (2) 
elimination of biologically disruptive boll weevil insecticide applications, 
(3) population increases of beneficial species and (4) increased grower con- 


fidence in scouting and IPM principles. 


While acreage during 1978 showed a substantial reduction from the pre-trial 
acreage (1977) there was a strong rebound in 1979 and 1980. Acreage in the 
trial area in 1980 was about 87% of the pre-trial level (1977) while the 
remainder of NC was at about 65% of its 1277 level. When this report was 
prepared, there were strong Eaitcarione that an even greater difference in 


acreage rebound would occur in the eradication area in 1981. 
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INTRODUCTION 


The NC-VA Boll Weevil Eradication Trial (BWET) was conducted to test and 
demonstrate technological and Operational capability to eradicate the boll 
weevil from a geographically specified area. BWET was a three-year operation 
which started in early 1978 and ended December 31, 1980. A concurrent optimum 
pest management trial was conducted in MS to test and demonstrate ability to 


manage boll weevil and other cotton pests. 


The United States Department of Agriculture, Animal and Plant Health Inspection 
Service (USDA, APHIS) had lead cesnonet nities for the Boll Weevil Eradication 
Trial (BWET). Cooperators in the trial ay the North Carolina Department of 
Agriculture (NCDA), the Virginia Department of Agriculture and Commerce (VADAC) 


and all cotton producers northeast of Fayetteville, NC. 


Costs of the BWET were shared by participating groups on a per acre basis as 


follows: Cotton producers - 590%, USDA-~APHIS - 25% and NCDA and VADAC - 25h6 


The BWET area enconpassed 29 counties (21 commercially produced cotton in 
1980) and 8,400 square miles, spanning from a few miles north of Fayetteville, 
NC into southern VA. In 1980 there were 34,041 commercial cotton acres, 


2,229 cotton fields and 408 cotton growers. 
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History of Major Events Leading to the NC-VA Boll Weevil Eradication Trial 


The first direct step toward boll weevil eradication occurred with the 
execution of the Pilot Boll Weevil Eradication Experiment (PBWEE) in 1971-73. 
That experiment covered all or parts of 30 counties in south MS, 5 parishes 
in LA and 2 counties in AL. A report entitled Boll Weevil Suppression 
Management and Elimination Technology -— Proceedings of a Conference, February 
13-15, 1974, Memphis, Tennessee (ARS-S71) dealt with events leading to the 
PBWEE, status of technology, execution, results, evaluation, concurrent 
research and various conclusions of the experiment. At this conference it 
was generally agreed that certain technological refinements and a further 
test of operational ability were needed before a decision could be made on 


the advisability of beltwide eradication, 


At a beltwide meeting of cotton leaders held in Memphis on October 1, 1974, 

it was decided to conduct an eradication trial in a suitable location whenever 
artificial mass rearing and sterility procedures for the boll weevil were 
adequately developed. The trial was to be conducted in a location where 
Berrie tent geographical isolation from adjacent infested cotton acreage would 
allow for proper evaluation of an attempt to eliminate a native population 


from the prescribed trial area. 


Subsequent meetings were held with cotton interests in NC, OK and TX to 
determine which region of the cotton belt would fit the economical, biological 
and logistical criteria needed to conduct the trial. It was decided that a 
smaller acreage with a lower associated program cost, could be isolated at 


the eastern region. 
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In 1976 Congress stipulated that each of the three states to be involved must 
pass and implement the necessary legislation and demonstrate to appropriate 
congressional committees that they were legally and financially prepared to 
fulfill their responsibilities under the program. Upon fulfillment of these 
requirements the USDA would be funded to conduct a trial only if participating 
cotton producers and state legislatures funded 75% of the costs to conduct 


the trial. Thus USDA could only pay 25% of trial operations costs. 


Regulatory authority to conduct the trial was obtained through the passage by 
the General Assembly of the State of NC of the Boll Weevil Eradication Act of 
1975 and passage in 1976 of Article 6 of the VA Pest Law by the General 
Assembly. Proposed trial plans included cotton acreage in SC. Hence, the 
General Assembly of the State of SC passed the South Carolina Boll Weevil 
Eradication Act in 1976. Adequate isolation of cotton acreage for the trial 
was later obtained in VA and NC and operations were not required in SC other 


than monitoring of boll weevil populations. 


In 1976 the General Assembly of the State of NC funded the NC Department of 
Agriculture to support 25% of the trial Operational costs. The VA Commissioner 
of Agriculture and Commerce was able to provide sufficient funds for supporting 


25% of the costs without special appropriations. 


In December 1976, growers in NC affirmed, through a referendum, their approval 
for the trial to be conducted and to pay 50% of the costs. Approval for the 


trial in VA was obtained through a public hearing, 


Funding by Congress for the USDA portion of the Trial costs was received 
during FY-1977 through FY-1980. FY-1977 funds were used to set up and support 
the evaluation and R&D support activities, Appropriations in FY-1978 through 


FY-1980 supported the cooperative trial. 
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Organization and Management Scheme 

The Secretary of Agriculture has overall responsibility for USDA boll weevil program 
policy. During the conduct of the eradication and management trials all involved USDA 
agencies were organized in a broadly based management scheme to ensure appropriate 
participation by all planning, impiementation and evaluation groups (Figure 1). 
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Figure 1. USDA boll weevil trials management scheme. 


fhe role and responsibilitics of each individual and group shown in the scheme are 


given in the Action Plans, BWET, OPM and Fvaluation, May 1978, revised 1979 and 1980. 


SDA - APHIS developed the boll weevil cradication operation plan and conducted the 
trial. Program execution at the field level was accomplished through the organization 


of operational personnel as shown in Fipure 2. 
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Figure 2. USDA - APHIS field level organizational chart - Boll Weevil Eradication 
Trial Program. . 


Program acreage was divided geographically into 4 work areas, each of which were 
subdivided into 3-5 work units, Work unit leaders were responsible for organizing and — 


cacrying out all field activities within their respective units. 


Jiu NCDA and VADAC provided regulatory and enforcement action required to carry out 
thiotyria is NCDA was custodian of the grower fund, handled most contractual services i 


and employed temporary and some permanent personnel (Work Unit Supervisors). 





Gogten producers were responsible for reporting all cotton plantings and allowing their 


cocton crop to be involved in all necessary program operations. 


USDA - Agricultural Stabilization and Conservation Service (ASCS) registered, located 


and measured all cotton plantings, collected growers' share of program funds and was 
prepared to assist in appraisal of any cotton which should need to be destroyed because 


of a compliance problen. | 
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Several other state, federal and private groups were involved in providing research, 


technical and advisory assistance. These functions were Organized through a committee 


called the Technical Coordinator Group (Figure 3), 

Boll Weevil Eradication Trial Executive Vommittee 
Farmer Representative ~ Marshall Crane 
NCDA Representative = Al Eldec 
APIS Representative - J. R. 3razzel 
Agricultural Extension Service, 
ex officio - Jack Bacheler 












Boll weevil Eradication Trial Technical Avisory Committee 
E. P. Lloyd, Chairman 
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Service, Economic Research 
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cide Assoctatioa, Agricultural Aviation 
Associctica, etc.) 


Figure 3. Technical Coordinator Group Organizational Chart - Boll Weevil Eradication 
Trial Program. 
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An extensive evaluation was conducted on the effects and results of the trial. 
A biological evaluation was made by a USDA-Science and Education Administration 
(SEA) Agricultural Research (AR) team. An economic evaluation was made under 
the leadership of the Economics and Statistics Service (ESS). An environmental 
evaluation was done under leadership of APHIS. An overall evaluation team 
operated under the leadership of ESS. An independent evaluation was done by 


a group appointed by the National Academy of Sciences. 


Reporting of all aspects of the trial was coordinated through the Interagency 
Working Group to the Boll Weevil Policy Group which advises the Secretary of 


Agriculture. 


The trial was designed so that eradication would be achieved through a series 
of suppression measures executed over the 3-year trial period. Pheromone 
traps were used throughout the 3-year trial period to monitor the boll weevil 
population. The major year 1 suppression effort was area-wide diapause 
control of organophosphate insecticides applied prior to and during the 
harvest period. In year 2, sterile boll weevils and diflubenzuron treatments 
were applied as needed during the early-midseason period. No suppression was 


required in year 3 except a diapause control treatment in the buffer zone. 


Annual operating budgets were developed cooperatively by participating agencies 
and groups each year. This was necessary because of uncertainties in acreage 
to be planted to cotton each year and changing trial requirements. Operational 


costs per acre for the three years of the trial are given in Table l. 
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Tipteers. rroyeeted aid actual costs’ persucre’ Cor the BWET 
YEAR 
ESS tems 1980 
Projected 101.00 48.00 40.00 
Actual 93.08L/ 46.95 50.58 


iy eeanciudes, costaof Heliothis,control. 
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Duping each year growers reported all planted acreage and paid trial fees. 
Trial personnel plotted fields on area photos, divided the area geographically 
into operational units and conducted boll weevil suppression and monitoring 
operations. Trail personnel also scouted for other cotton insect pests each 
year. In year 1 only, trial personnel also apolied necessary bollworm contro] 
and defoliant materials because of the trial nature of the program. The high 


costs of year 1 operations was due to these additional activities which would 


not apply to any future boll weevil eradication program. 
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Fig. 4. Map of cotton production areas of VA, NC and SC showing locations of two zones 


(evaluation and buffer) relative to nearest non-program cotton acreage. 


The (1) EVALUATION ZONE contained approximately 80% of the tric 
all cotton grown in the northeastern end of the cotton belt. 


specified for total eradycation, 
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It was separated from non-trial cotton to the 


scuth by an 85-mile wide (2) BUFFER ZONE containing the remaining 20% of the 


acreage. A research and development area, Chowan County, was located neer the 


coase within the Evaluation Zone. 


production logistics is shown in Table 2. 


Table 2. BWET logistics during indicated calendar years.t/. 


Zone No. 


1978 
cvaluation 12,485 
Buffer 3,043 
Chowan Co.1/ 333 


Total 15,861 





Cotton Acres No. Cotton Fields 
1979 1980 «1978 +1979 1980 
ae iiel iced: 941 1020 1705 
EEE PIR H 57 G ees 87 
722hew ded 48 37 48 ov 


20,208 34,041 19230 0t5 529 


vs 


An annual breakdown of trial area cotton 


This zone was the area 


No. Cot:ton Growers 


1978 
196 
49 
10 


249 


1979 
201 
50 
17 


268 


1980 
311 
68 
29 


408 


1/ Beginning in 1976 Chowan County was used as an operations methods development 
area with some activities being tested in advance of use in remainder of trial area. 


area with 


Suppression Activities 


Table 3 shows suppression logistics for all three trial years. 


boll weevil suppression activities consisted of area-wide boll weevil diapause 


Year vretts73) 


control. Consisting of 5 organophosphate insecticide applications made during late 


August, September and October. 
phosphate applications in year 1 only. 


Majority of acreage by aircraft. 


Diapause treatments were applied to the 


Crop defoliation was combined with one of the organo- 


Secluded areas, such as field edges which could 


not be treated adequately by airceaft, were treated with ground equipment such as 


hiboys or mist blowers mounted on four wheel drive pickup trucks. 


Year 2 (1979) boll weevil suppression activities consisted of the following: (1) 


Aerial release of 11.2 million sterile boll weevils (139 sterile weevils per acre 


per week x 4 weekly releases beginning at pinhead square stage). 


were reared and sterilized at Starkville, MS. 


Boll Weevils 


(2) Dimilin was applied to 11% 
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(458 acres) of the buffer zone and 6% (900 acres) of the evaluation zone acreage during 
June and early July. An organophosphate application was used as a closing treatment 

on evaluation zone acreage treated with Dimilin. (S)A diapause program con- 

Sisting of 4 organophosphate treatments was applied to all cotton (4,253 acres) 

in the buffer zone during September and October. Sterile boll weevils were 

dropped on fields growing cotton in 1979. Traps to monitor boll weevil 

populations during this period were located rennet each 1978 cottonfield site. Due 

to rotation of cotton this resulted in sterile boll weevils being dropped at various 
distances from pheromone trap sites. This afforded an opportunity to measure the 
flight potential for sterile boll weevils. Results indicated substantial movement 


of these insects, evidence of their dispersal ability (figure 5). 


No boll weevil suppression activities were required in the evaluation zone during 
year 3 (1980) because no established infestations requiring treatment were detected. 
A diapause control program consisting of 3.7 organophosphate applications per acre 
was made in September-October in only the buffer zone as result of boll weevils 


immigrating from outside the program area. 
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Bell Weevil Monitoring Activities 

Logistics and results of boll weevil trapping activities for all 3 years are 
stiown in Table 4- 

In the fall of 1977 (year prior to program initiation) a limtted trapping 
Program was conducted in the evaluation zone. Year 1 (1978) monitoring 0; the 
boll weevil population consisted of a pherowone trapping program beginniny in 
the spring with approximately 1 trap per 8 cotton acres (19/7 acreage) lozated 
aijgcent to winter hibernation sites. Trapping during the growing season and 


during the fall harvest period consisted of approximately 1 trap per 5 cotton 


acres located around the border of current cotton fields, 


Year 2 (1979) trapping activities were considerably more intensive than year l. 
Approximately 1 trap per cotton acre (1978 acreage) was placed near hibernation 
gites during the spring. During the growing season 2 traps per acre were 
pluced infield on plants of the current crop. During the fall 1 trap per acre 


was operated around the edges of cotton fields. 


‘Year 3 (1980) trapping activities consisted of locating 1 trap per 1979 cotton 
acre around winter hibernation sites during the spring, 1 trap per cotton acre 
piaced infield during the growmng season and ! trap per acre operated arcund the 


edges of ficlds during the fall. 


Trapping in the non-program cotton production area within 100 miles to the south 
was conducted in 1979 and 1980 (Table 3). Also, a program to study migration of 
poll weevils into the program area was conducted in 1979-1980 by placing traps 
along highways throughout the buffer Zone and into the adjacent outside area. 

(A discussion of the migration trapping program appears in a subsequent section 


of this report.) 
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In the 1977 fall trapping program conducted in the evaluation zone, a total of 
1,354 boll weevils was captured in 450 traps (average of 3,009 per 1,000 traps) 
for the 6-week period. These results indicated the native boll weevil population 
wag low compared with average historical levels. The year, 1977, was preceded by 
an Abaca aete winter which suppressed the boll weevil population throughout 
the southeastern states. Also, 1976 and 1977 wece characterized by above normal 
Heliothis spp. problems. The attendant intensive use of organophosphate materials 


om a high percentage of acreage provided further abnormal suppression on boll weevil. 


Spying 1978 trapping results confirmed the existence of a low level boll weevil 
population. Consequently, with the exception of a few more heavily infested acres 
near Scotland Neck, Halifax County, no suppression activities were conducted in 
1978 for boll weevil until the diapause control program wat initiated in early 
September. Incidental boll weevil suppression earlier in the season was obtained 
from an average of 3.5 chemical insecticide applications made for Heliothis spp. 
during the latter half of August and early September in the evaluation zone and 
9-9 applications made during late July, all of August and carly September in the 


buffer zone. 


The year 1 trial goal was to reduce the boll weevil population to a level no 
greater than 3 adults per cotton acre. Late season captures during 1978 (August= 
November) of 1,046 boll weevils in 3,731 traps in the evaluation zone were used to 


extrapolate that no more than an average of 0.3 boll weevil per cotton acre entered 


pibernation quarters (a 10X lower level than established as the goal for year 1), 


In early 1979, a total of 7 widely spearated boll weevils were captured in 14,676 
evaluation zone traps located near hibernation sites from mid-April to the end of 
July (14 weeks). No boll weevils were caught in an additional 30,244 evaluation 

cone Craps located within cotton fields during July and August (8 weeks). Only 2 


widely separated boll weevils were captured in 19,399 border traps during the fall 
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diapausing period. Thus 9 boll weevils were caught and no reproducing boll weevil 
populations were detected in the evaluation zone during the 1979 cotton 


production season.. 


Ia 1980 one boll weevil was captured prior to August 18 in 16,564 = DeUEs Trane 
toa the evaluation zone. This boll weevil was removed from a trap about 5 miles 
nprthwest of Scotland Neck, Halifax County, on May 6 and is considered a false 
pentares The boll weevil body was partially disintegrated and the head was 
missing. The trap had been recycl:1 from the previous season's trapping program. 
The trap was probably used in the outside trapping program during the falbivo£ 


1979 and was not properly cleaned prior to usage in 1980, 


In the evaluation zone 4 boll weevils were captured in migration survey traps 
during 1980. Two of these were captured near Spring Hove Nash County, NC 

ap August 18 and September 15. A third boll weevil was removed from a 

trap 2 miles north of Wilson, Wilson County on August 18, ‘The fourth boll weevil 
wags removed from a trap near Louisburg, Franklin County on October 28. All of 
these locations are in the southwestern fringe of the evaluation zone and none 


of them are near cotton fields (Figure 7). 


On September 11, 1980 a boll weevil was captured at a 10 acre cotton field 1/2 
mile south of the VA state lines 2.5 miles northwest of Gaston, Northampton 

NC. This location is about 90 miles north of the nearest 

known infested cotton field in the buffer zone. The cotton crop in this and all 
surrounding fields had been under severe drought stress all Sumer’ Only a few 
spots along margins of the reinfested field contained unopened bolls which could 
yield a developing or entrapped boll weevil. All mature fruiting forms which 
could be found (an estimated 3,500) were examii.cd. Trapping in the 10 acre field 
was intensified from 10 to 116 traps. Trapping was increased from 1 to 2 traps 
per acre in all cotton fields within a t=1/2 mile radius of the localized 


reinfestation. Between September 15-24, an additional. 9 boll weevils were detected 


134 
at the same site, of which 6 were found through trapping. Three of the 9 boll 


weevils were found inside unopened bolls on September 16. One was a pupa and 

two were entrapped adults. The field containing the localized reinfestation was 
harvested and the stalks destroyed during the period between September 15-24, 
Qther than the intensified trapping mentioned above, no other Suppression measures 
were used and no boll weevils were captured at any other fields, Trapping was 
-Gontinued until November 15 (7 weeks) and no additional boll weavl  aeueee captured 
nCTEe infested location. This was the only detection of boll weevils at a cotton 
field in the evaluation zone in 1980 except the headless boll weevil from a 
yecycled crap near Scotland Neck detected on May 6. At the time this report was 
Pigunitas (February 1981), this was the only case of boll weevil Feproduction known 


¥o occur in the evaluation zone after October 1978 (29 months) . 


Based on the known capture efficiency of the trapping system and the dynamic 
yeproductive ability of the boll weevil, it {4s concluded that the native boll 
veevil population was eliminated in the evaluation zone during July 1979. The 

¢ fall 1979 catches would, therefore, represent reintroduced boll weevils. The 
first of these 2 boll weevils was removed from a trap on October ll, 1979 at 

a cotton field near a motel complex on-Highway I-95 north of Rocky Mount Nash 
County, NC. It is conceivable that this boll weevil arrived in this area via 

4a tourist who removed part or all of a cotter plant from an infested 

field south of the trial area and accidentally transported the boll weevil to 
an overnight stop. The second fall 1979 boll weevil capture was removed from a 
trap at a field about 1 mile from an APHIS field office oh November 6. Employees 
from this location had been assisting in trapping activities in the buffer zone 

a few weeks prior to the catch and may have accidentally transported this boll 
weevil back into the area. As will be discussed later, migration trapping results 
tn 1980 could also support the conclusion that both fall 1979 boll weevil captures 
were within the range of migrating bolWiaeeyias from infested cotton to the south. 
No reproductive populations resulted from these two: cases of reintroduced boll 


weevils in 1979, 











1S 





) We believe that the highly localized reinfestation which occurred near Gaston, 

| NC between September 11 and September 24, 1980 was due to the arrival in the 

| Pe of a single previously mated female in August. The 10 boll weevils detected 
i at ¢his location during September 11-24 would likely represent the Fy offspring 

| otf this female. This detection by pheromone traps supports research data that 
the trapping system as employed in the trial is capable of detecting a 


| reinfestation in the Fy generation.(Lloyd, et al 1980, Leggett, et al 1980). 
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BOLL WEEVIL MIGRATION TOWARD THE EVALUATION ZONE 


Jn 1978 the USDA - SEA Boll Weevil Eradication Research Group installed pheromone traps 
alpng two highway lines leading from outside non- trial cotton acreage into the eval- 
uation zone. In the fall of 1979 APHIS added seyeral more lines of traps throughout 
the buffer zone. The purpose of this trapline recat was to define boll weevil 


jmnigration from nearby infested cotton acreage. 


Results of trapping on the two SEA lines from 1978-80 are reported elsewhere (Lloyd 
et al 1980). Results of trapping on both the APHIS and SEA network in 1979 are shown 


jn figure 6. 
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Figure 6. Locations of USDA - APHIS and USDA - SEA traplines and migrating boll: 
weevil captures - 1979. 
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In 1980 pheromone traps were placed on a 3-mile grid pattern throughout a 45-county 
prea covering the buffer zone and extending both into the nearby non-trial area 


and into the southern edge of the evaluation zone (Figure 7). ° 


1980 migration trapping results show a continuous but decreasing gradient of boll 
weevil captures across the buffer Zone from the outside infested cotton production 
area in Scotland, Hoke and Robeson countiey, NC, north and northeast to a curved line 
rynning roughly from Asheboro through Raleigh to Goldsboro (Figure 8). This is a 
distance of about 65 miles from the northernmest fields of the infested cotton produc- 
tion area to the south. A few scattered boll weevil captuces occurred up to 25 miles 
porth of this line, for a total of 90 miles from the outside infested area. Boll 
weevil captures in the migration traps were mqst numerous in August and September, 


with the August total being the greater (Figure 9). 
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Figure 7. Locations of traps installed on a 3-mile grid pattern to detect 
migrating boll weevils, 1980. 
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Figure 8. Locations which captured migrating boll’ weevils in 1980. 
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Figure 10 shows the northernmost detections of migrating boll weevils each year, 

1.978 (after Lloyd et al), 1975 and 1980. Migrztory boll weevils were captured further 
north in 1980 than during the two previous years. It is difficult to coneriide whether 
:hese results are due to more northern movement in 1980, to the intensified trapping, 
or beth. As shown in an earlier section of this report there was a substantially 
\igher boll weevil population in adjacent non-trj}al . cotton acreaye in }980 than 


during the two previous years. 
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Figure 10. Northernmost detection of migrating boll weevils/1978, '79, ‘80. 
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Figure 11 shows numerical comparisons of boll weevil migration captures and percent 
females at varying distances into the eradication trial area. No differences could 


be seen in sex ratio of boll weevils captured as the distance increased from the 


infested cotton acreage into the trial area. 
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Figure ll. Migration trapping results showing total boll weevils captu:ed and percent 
females at varying distances from boll weevil infested area south of trial area. 
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Based on results of migration studies for 3 years it presently appears that an 85-mile 
wide buffer zone is sufficient to prevent the liklihood of a permanent reinfestation. 


This assumes that the buffer zone is either free of cotton acreage or the boll weevil 


is kept at low population levels where cotton acreage exists within the zone. Obviously 


some boll weevils will occasionally become reintroduced in a static situation where 


infested acreage is within 85 miles. When a fertile female penetrates the eradicated 


zone and locates fruiting cotton plants some liklihood exists of offspring being 


produced. However, it is expected that where reinvasion consists of scattered, 


single re-entries, many naturally occurring factors would serve to minimize the 


chances of a permanent reinfestation becoming established. 
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BELTWIDE IMPLEMENTATION 


In a beltwide eradication program the hazard of reinvasion would be greatly 
reduced compared with the current situation in the trial area. The diapause 
control component of the program would be applied to the zone ahead one year 
prior to the year in which total eradication is achieved in a zone. The 
suppression of 99% or more of the population, well in advance of the eradicated 
area, would substantially reduce the hazard of reinfestation by adult dispersal 


as well as by accidental transport of adults. 


An objective of the trial was to determine capability to handle the logistics 
in executive of a beltwide program. Using the management scheme shown in 
‘Figure 2, logistics of program execution presented no problems in the trial. 
As a result of this experience and with the continued cooperation of the | 
State Departments of Agriculture, ASCS, Extension Services and the growers, 
we feel the logistics of beltwide eradication program could be coped with, 


even though greater acreage of cotton than in the trial would be involved. 


Another important condition which bears on operational feasibility is the 
availability of manpower locally to execute the program. No problems 
encountered in employment of adequate personnel during the conduct of the 
trial and we assume this would be the case across the beltwide area. Based 
upon experiences in the trial, a beltwide eradication program is considered 


operationally feasible. 








